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The souroes, dlstribution, and lcesss of KOs in the U.S. pulp ad paper
indnetry sre discusead in detail. The major source of KBs to the induetzy is
recycled cartonless copy paper senufactured from 1957 to 1971, but the asomnts
of PChs from this scurce diminished regidly after 1971. A sodal show'ng past
and projectad FCBs cntant in moduct ood: vastmatars from the industry is poe-
smted and discossed. Estimstad costs (worst-cass basis)  for wastewstar toeat-
amt to achisve cne prb FOBs in effluents from the industry are dsveloped;
results indicate a 3 to $ psromnt [xoduct cost increese will result from sxch
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APPRNDIX 1

IDNDOSTRY INTERVDONS AND PLANT TIPS

I-1.0 CRJETIVES OF DEXNIRY INIERVIDS AD DISCUSSIONS

From previcus efforts under Taek I of Contract 66-01-1259, it ves
wmmmmmmmumm\.@m
mth-t,.dumiweﬂctu\mldhnquk'qumwﬂ-
clont infoomtion for the modsl dsveloment axd intarpretation. The gathering
of such information was the majcr cbjective of all industry contacts during
this work; early in the progran industry vas made svare of the paxpose of and
21r sprxoach to the work. wmmm—mwmm
vare unifomly excallant. - :

wcmmmnqdawmdducnimmwz_

mwamozmnmammum:

hnlyﬁaldm(mnlmhinpm-ﬂdfhmtmm
Mthaﬂlﬂna&imwhm-dnﬂam
:t.ahn:dlu

The possihilitiss and precticalities which baar on trestment of
=xill «ffluents, ar on intamal watar reuse and purification
systams ; : _
Prasanit truxis in twestmant tectrxlogy as the mills prepare for
adharence to the 1977 and 198) effluent quality criteria;

mwmozmmmmmm
ﬂ-@-b-ndnminﬂnplmtﬂ

e similarities and &ifferences fourd betwveen production mills
oparating under cirnt bounds of raw matarial, energy, labor
ad trestmst coots) and

FOis tTansport within the plants.



I-2.0 MEETIRE WITH TRADE ASSCCIXTIONG

I-2.1 eting with API e

D mid-July, 1976, 2 meting was held in Vashington, D. C. with
mpoesactatives of the Amrican Famer Institute (API), the Boxboard Research
axi Developmant Asacciatian (BSDA), the Netionel Oancil of the Paper Industry
fur Alr and Stream Dprovement (NCASI), senior staff menbers frox several API
sexbar copanies, and the EPP Office of Solid Wasts Menagemant Progrens
(OMe®). Tha sproach to tw progoam, sd particularly the PCBe-industry
mxial, was cztlined and dizawsed in detail. Cooparzation and needsd informe-
ﬂmmdidtd.dﬂxuhr“pﬂ:{mdmﬂbho:aﬂdﬂﬂ
data were oade. All areas notad under Section .I-1.0 were covered.:

I-2.2 Mesting with Institite of Psper Chenistry (IFC)

Qn August 6, 1976 a meeting was bald with staff members of the

INC in Appleton, Wisconsin. Jan C. Wollwege, Vice President-Research; Dr.
8. S. Duyal, Directcr, Industrial and Enviramental Systems livision; Dwight

B. Easty, Group Leader, Mualytical Chemistry, Division of Natural Matarials

mw;m.muﬁ:*m&.mvm (all of IRXC) tﬁ*pctin
the discussions.

M that tims the IFC was parfooring sn in-bouse stidy aised st
mdnwmmnpﬂpummmmm
satrices. They had attacked the question of FCB partitioning in mill flows and
foxd PCBs to be substantive to fibexr, associating sost notahly with the sxall
paticlate constitiants (finas) of the pulp/Amatar systam, White water high
in fines cntant is mutinaly recyclsd in ordsr that as mxch of the fibar ss
posuihle eventually becoms products sinos fines have a dasirable effect an the
qnnu-ot.g!-:tq-ﬂ-rtnm. Econaxical uss of the rwr fiber
requires a minimization of the fines loss. Such a RIOCRLTE appears to pre-
facentially associate the mejor portion of any KCBs with the paper product.

It was also agresd that the KB conomntration in the wasts sludge
might resscnebly bs assuzmd to ba at the ssms cmosntration as in the pxodxct.

I-2



In cthar wis, if the FCB levels in peper product is in the low parts per

- =mllion rage, PCB levals in the sludge will also be in this range. The
limited sliige data cbtainal spports this contention, and st the same time
Mm:unll@-whwmuwplu‘-mpmtshdq-
mnm(:m.nqwmum“’

The majority of R8s introduoed to papermeking as part of the
westepeper input ware believed by tho IFC persornal to be still enclosed in
the gelatin-gus arsbic microballoons. The micrcballoans (10 - 20 microns in
Jimneter) are krosmn to be substantive to fibar. They rulease thair FCB loat
for snalysis upon treatmers with alcoholic ROH solution. It was not knon
what fraction of the incoming capsulas may break opan, nor whether the pulping
ad refining stsps may cause breakags, but it was suspected that relativaly
faw of the microballoons would npture during the paparmaking process.

In addition, uv-mmmmumwnm
mmmmu “free” or “wild® PCBs may be able to ®.
Mass balances done by IPC on scow papes mills have given an indication of a
possihilicy of evaporative losses, but not in large smounts, nor in axants
which would jedpardize the cverall cnclusions or credibility of the modal
prowantad in Section S.0 of this report. '

During the analytical methodology work by IFC, smll smounts of
FCB used to spike solutions showed gignificent evapxrative losses. This has
mwmammmmmumm
and hardling in snalywis for PCBe.

Pressnt smalytical cepebilities at IFC show detection limits for
peper to be 0.1 ppm FCB and for salutions to be 0.1 ppb KCB. Both call for a
* trained operator corversant with ad practicsd in routine PCB analysis.

' Interferances on the chromstogras appsas to be resoved in good
part by addation of the smple vith chroxiim tricdde. These intarferences
ssamd to be peculisr to the typss o2 matrices foud in pulp and peper proc-
essas. AMttmpts to simplify FCB analysis by perchlorination of all Kls to
dacchilombighenyl vare fourxd to give wnsuitable resalts. This trestamt
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sypeecnd 0 haw: crwerted scms EON-FCB companents of cartrnless COpy peper
into a fomm vhich auld be incormectly identified as FCBs.

' * Othar aspects of thw xoblas axd of the IXC progrem were die-
cassed in datall. My of thess ars &iscussed or refersnced elsméwsre in this -
Degaxt. The results of this mseting served to solidify the approech to the

uodal and the salaction of parmsetric valies to be used in exsrcising the model., - |

I-3.0 FLaer VISITS

Seven peget mills were visited &mxing the progrmm; forr of these
‘utilised between S0 and 100 peromnt recycled mstarial. Ths others aither were
capenias knom to be very mxh ame of the FOis moblem ad uxing some
recycled fibar or xills waing only virgin fibar. Short ssmaries of the txip
nworcs for thesa plants are included balow. As will be noted, soas plants are
ot nemad in these sumasries.

I-3.1 Plant A - 100 Percant Racycled M Material
.

Plant A employs spproxcimataly 300 psople and has a Fouxdrinier,
o cylinder machines and a Printsr Tictar. The rav sstarial used is wvaste-
pepar which has bem sortad, graded, baled and marked by orgmnized papar stock
dsalers throughout the Midmst. The sost important grades used are reclaimst
axTumted containers, xised psper, nespeper end clippings trisssd from box
shops ax! cooverting plants. Mach of the stock is picksd wp in lamge cities
by canpary trucks as retumn lomis after dalivery of the finished bosxd. This
re-ams of secxxdary fibre elixinates a large amount of peper toonage baing
 sant to lndfi1l ar incinerstad. In 1971 §5,000 tons of wastageger vere De-

The basic profact sexmfacted from the westageper is pepsrbosrd.
This prodxt is used for come stock, tube etock, WCAppar, carton, pepec bax,
book bindings, snd glche stock.

-4
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Pulping, Clesning snd Refining _ _ i—

The first step in converting papar stock to pulp is called | &
hydration; machines called hydropulpers are ussd. These are large tubs with a
rotating disc in which the dry psper is mixad with wamn or hot water. Chemicals :
may be added to aid in the dissolving process snd to destroy any bacteria which
may be preset. Most f these machines cperate on a amtimuous procass. As
oon as tha fibers are dissolved fins encugh to be extractad through 1/8° holes
they arm screanad Off.

. The variows claming and refining processes which follow pulping
are typically a spin-off to remove light particles of forwign meterial, and
settling to remove heavy dirt. In adlition, there are severr. systans of
machanical screening to remove ‘coaree or undafibered bundles and dirt. ot the
ln-th:portmtuatmmdhigxm h.!.ghrmmtnl-
hadbyardiﬂmmbr&nmotm@ntmm
Uhp.it:h.ux.c:aq:!nlt\hid\u.wybnﬁowdmdnw

p
*
%

Aftar tha psper stock is cleansd and dafibered, 1thtux‘d-1
uqndwmmg-d-u m‘qnimtntbmudumﬁ-m
ummw«mu'mmmxm-amm,m
O mn eacting consistency wvith wetar anxd screenad cne last timm.

Paparmeicing _ _

Plant A exploys both Pourdriner amd cylinder-typs paper machines.
Tm latter eploy cylinders coversd with fine mesh wire to extract pulp fra
the slurry stock cnto ths surface. The mstarial is then depositad in thin
leyers (com from each cylinler) to fam the wet web. Aftar all the cylinders H
have dmosited their contribution of fibacs, the wet web of pepar is pressed
to pwove excessive weter. Each pair of press rolls gredually increases the
presme tntil the wet wab is dry encugh and stzong enough to spport its om
waight vhen it lesves the poess section. :

The Fourdrinier sachine esploys a long wirs balt for foomstion
of tha wet web. Peper stock is fad cnto the moving wire tixrough a sluice from

D
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s heatbox, &, in contrast with a oylimer sachine, the wab is sade Up &8 a
cortigoous gingls lagyer. Ovar a mlatively short distancs encugh wetar drmins
through the wire by grawity anxd by pessing over suction bomss that the mat cm
lagve the vwire snd pass anto a falt vhare pressing bagins.

All machines employ a long ssction of mmyy stesmm bested cylindri-

cal &yars. As the sheet lexves the wet end aftar all possible soisture has -
bem psoved by mschanical prassing, the remining exess moistire mst be
rmoved by evaparation. The sheet of papsr pesses ovar all of thess dryers
vhich eventually produoss a dry shest to customar specifications.

| The last step in the actual paper meufacturing is calendering -
or pressing for the papose of dbtaining a unifom finish and thickness. Also
st this station it is possible to gply suxfacs sizing or other forms of cost-
ing or stain. _ )

. Aftsr passing throuch the calenders the papsr is wound onto
renls to be revond and trismsd to seet sizse crdars. If the castomar wests his
pewpar in flat sheets, it is run directly from the apar machine thoough a
shaster.— In aither case; vhen the peper is finished it is banded, wragpped,

A sbetantial axant of the total prodrction of Plmt A is st

mnmm&wm. Most of this processing consists

of slitting wida mlls into narrow widths to bs used for winding into coxes
axl tubes. This plant also parfooms catting from rolls into shests, powmcision
trimxing of shests, ai laxinating. '

143.2 ms-nm!yﬂ_ﬁnm

“" this plant is a major memfactarer of tissas items, jrotucing
900 tons of facial tissae, tollst peper, nagkine and peper towals par day.
Agproximataly 90 paromt of the rav sstarial required is supplisd by wasts
papex, viich is a alightly higher peromtage than sost othar tissm mills.

1-6
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IV WO A T T

o s e Gname. Gt fuand,

Plant perscml sygplisd a mapcxt oo PCBs gunarsted by tham in
1975. T™he conomen for efflimnt watar Qulity dates back to tho establishmsct
of a primery treetzact systam in conjunction with the stiot—up of a deinking
pcoosss in tha 1930's. Ine secondary treatment system was put into operation
mmm,mwmmmwm. A
tactiary process is in the developmant stage et the presant tims. PC3 mmesmuow-
mants ware begun in-house during 1975. Dsta an RCBe contant of products priar
to 1975 have been cbtainad and are repcrted elsssbare.

Characterization of Rmv Matarial

Althoxh most of the rawv matarial for this plant is wastspeper,
hMﬁmthM-#-ﬂmm: in othar wxds,
most of the retuming papsr stock has never besn revicusly recyclad. Offica
wvastapapers of the ledgar grades are removed frum the incoming stock, but a
quantitative scresning of. all retuming peper stock is impossible from an
ecornomic standgcint. As shown by industry data and the maling effort in this
repart, evan a few shests of tha carhonless copy paper can have an cbsarvable
affect an B conomtrations in a single day's output.

T oﬂmn—lm-inwmlcbmtnhlhixdﬂnmm.
nhn-tyotﬂalpq:rpm:_h:ua:tdnbm,éalmzo&-rm
that are difficult to resowe and cawse problams in the papsvmaking procsss.
These wastas are purchased bv ths mill primarily to assist their peper deslexy.
They do bacme mora important during pariods of short psper stock sgply. -

Efflumt PCB levals

PO conoantrations in clarifisd mill intake water ware less than
0.1 gxb. Meamumments of dainking, mill and csbined effluants ware peportsd
to rangs fxom 0.3 to 2.7 prb. '

m'pi-uh-p-:ﬂ:—davur-_wncpc_nium
mxchines. An sverage of 570 gal. par ton of prodt was lost. Asmming the
mawwwdqdam-mam(m
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mmm.ﬂmdm_dmtmm)do;lub,quﬂwm
would bs 0.00038 pounds of IKCB per day or less than 0.15 Ihg/Aresr. This is
peobebly so uxistactable loss if direct msasuressnt wes sttemptsd.
I=3.3 Plant C - 50 Peromt lacycled Rav Metarial

Fulp Genarstion .

Pulping is a betch proosss at this plant. Mastepapar, accanting
hmwmdmmm.hmmmnmuw
guthar with bot watar and caustic sada. Stam jets ruise the tesparzture to
sbout 185°7 and dainking cntinms for atout 1.5 hours. Aftar dainking, the
mmmmmuwm.mmoﬁm
7 promt ansistency. mmmmnmw.umm
m&xmh&mmnﬂ-mdm The pulp is
now paped to a holding chast.

Mrznlly cpsrated valves detamaine the quantity aof stock dis-
wmuwmu&muwm“. mmm_
bava a cnoantration of about 4.5 psramnt, and myrjects from the scresns are
tzu:bdt::nhtﬁul mmcmﬂinmhﬂdimtﬂ

. " Dpan leaving this tank, the stock is diliuted to about 0.7 per-
mdmmmmmmmmmnmm.
Acoaptad stoxk is row directed to a screan with 0.010 inch slots. Acosptad
rtock from this scosen paped t OO slops vashars that have counter-stock flow
cf watar. Thesea wvashars ars arranged in seriss with the sscond one increasing
the stock comistancy (solids cnoentration) to sbout 5 paromnt.

At this point the stock is paped t0 two washers sst wp in
parallel. The wasbed stock, with a comsistancy of about 2 paroact solids, is
pupsd to a storage tank until tha chlorinstion tank is reedy for a new betch.

During chlorinstion, chlarine ges is pmpsd irto a tank holding
the etod: and allowed spproxisstaly five minutes retention to resct. The stock
batrh is then paped towards a vooam weshar. However, bafore it is washed,
sodiom hydroxide is adied which rescts with any residual chlorine to fomm

I-4




sodium hypochlorite to axpent the bleaching prooess; *“w final pH in 9. The
bleachsd stock is snt to retantion tacks. :

The stock pulp is sent to a vacum washer to remcwe matarials
made soluble by chlarination. This wash weter originates frus the pepar sschiss
wetar sxply, the wvhits wetar. The filtrate from the washing process is pumped
to the slope wushers which anditions the new batch for chlarinstion by rc -laim-
ing the chemicals and also reduces the smount of weter used. The stock pulp
n:vhnnmimatd:mtssm Upcn isaving ths washers, the
mwumwmmqmmw—izmm
oparetion.

This mill also has a separxte pulping system for virgin pulp and
pulp substituts, Howsver, both virgin ad substitute pulp are blended with
the westepeper stock pulp. Here, chezicals are aided to develop better fiber

Papaomcking

From the starage tanks the stock pulp is diluted to about & 0.3
pront cnsistancy and ppad to the hsadbax. Prior to entavring the headbo,
the pulp is Tewashed, rescreansd and run through a thres stage centrifugal
clasning sywtam. M'dthna:mdinpmmﬂdmhw. Dxoens
white water is stored to ba vtili{asd in various opsraticns in the mill,

. The shest is pulled through cn & falt belt and dried. The speed -
- that it is pulled through requlates the strength of the prodxct. Thickness is
governed by this spsad and by slicing tha shest off the balt with a doctor
blads. Sevaral plias are then rolled togethar to produce a pepar of desired
specifications.

M

n-tc--nm-mmumwhmmy
low in XOs. ﬁhﬂ_-lnl_hdntl.smmwdq

) ham"mrm,cauamdl&umu
mhw__d-&wawﬂmm
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Trestaent cxmists of prisary clarificetion and a two-stage activeted slixe
systm. 1@ trestamt plant «fflusnt is discharged to the Fox Rivec Oxdd-
stramm) . '

I=-3.4 Plant D - Soruuthgchd~m

Plmt D is a major recycling cpecmtion. aixg:thdw
(c.q..dﬂ.a-ﬂw mttn-jwcn-tin-mddn:.w

utilisnd %o producs acoeptabls dainked pulp stock. Mm&xw

'-mgwmozummmammmd

parchased virgin pulp and pulp substituts. Thars ams essantially tvo pulping
w-«:ﬁzm-ﬂﬁd&waﬂ&.m&d‘md
substitzte pulp. ,

m and Pibar Recovery .

Bere, westspaper is mschmnically brokn don with hot watar
(mmm,mm,mmmmwman
rithed motor st the bottom of the hydrapulper. Much of the heavy wasta such
as matallic chjects arl plastic shests are collectsd in traps at the bottom of

" the pulper. At this point, mwmmmgsmm
,,(mmmmmmwngw

&d is paped to hlanding chests for adlitional retantion time and agitation.
The palp rov hes sbout a 2.5 psromnt cnsistancy. Upon leaving the chests, the
mbh;.dmummum-hmumhmmm.
The filtrste is rwased in the pulpsr to moover the heat sl residual chemicals.
Dxooss veshar water is psused for other oparstion dilutions. Water is exten-

dﬂym“hhmm

ﬂnplphuu-tbm,ﬂ.danw

mmmmum staples, and othar heavy particies. The

accoopted pulp hes. a 2 peromt cmaistency and it is snt to a omntrisorter.
pORSEIrS ecrem. mmmhmmmmmm
viiile prjects axe passed through a daflakar end then acToss & scyemn for
fxther fiber Decovery.
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T pulp than entars a four-stage countar-flow weshing systam.
The first stage conaists of i cylinder washers, the secard and third stages
ansist of sidehil]l weshecs, ad the fourth is snother cylinder washar. Thm
clespest wutar is used fr dilution at thse fourth stage and the filtxate is
fad to the precesding (third) stage. This filtrate is then used in ths second
stage axl its filtrate in the £irst stage, vhere the filtraste is discharged to
wasta trestamnt. The watar in the washing process originates from the dis-
charge of the psper machine water, vhite wmtar, axdi the acid and alkaline

‘ Folloring washing, the stock is blasched with chlorine, followed
wmuammmwﬁ. The naxt tTestmnt is a
titus-stage [CussIe sireen systmn. mmmmmmm
Mm&mqu-mauwmwu;ud“mt-m
rexoval of small hsavy contaminants such as ink. Those fibars rejectad ams
replaced in the cantrifugation schema to concentreta the contaminants and
unacosptable pulp, end to reclain as mxch of the shuntad acwptable pulp as
posaible. Pollowing this is a four-stage systam of cantrifugal reverss
Clamars for removal of lightwiight contaminants such as plastic fibers and
afusives. Aftar the cleaning systam the stock goss to the final washer for
thicdemning and storage in high-dansity towers. The water ommoved by the
wmummmmmmdnw
mmmmmmwwmﬁof
the msterials required to mset the current demsnd of Plant D. The remainder is

'mddmdmnpﬂpd'pﬂpmdm. Both are warehoused in

salid form and repulped in their respective hydrspulper, using recycled paper
machine vhits wetar. This pulp is then puped to storage chests until nesded.
From hace, ths pulp is emt to mfiners for fiber shortaning and fibrillstion
to anhancs grestar bonding capacity. |
From the refinars the pulp is discharged into a pipaline that

aneaing the sscondary pulp for blanding of the types. Aftar sufficient tiss
to ensme homcgeneity, coaponants such as clay, titanioa dioxide ad alim, to
nem & fav, are adisd to the stock pulp as it moves to the peper machine.

-1



Pepeomaicing _ ——

Stock taken frrm the high & .=ity sturage tanks is dfluted snd
poaped to the papemmeking system. Here the stock volume is controlled to
ingure a coostant hasd level. By cparsting undar a known head, the taxture of
the pulp sheet falling an the Fourdrinier resmins the same throxhot the
cperation. . '

The endlesc mash belt of the Poumirinier effectively drains
wuwhd-pnpdmwpﬁitth-ﬂhnwmawund
the wet wab. Mxh water is recyclsd during pepermeking opesrations. Since
this wvatar is falling from the bleached product, the pulp imperts a whits colax
mhmmmhﬂdﬂhm.',mmh@dnnny
being aXied hare, thare is an exowes cverflow. This sxplus wetar is stored
axi used t© spplemnt the water diluting the ‘deinked stock. Several hrxdred
thousand qallons of watsr escaps each day due to wvaporation while the paper
is being pressed and dried. Whan the pulp leaves the heedbax, it is 99 per-
mm:mmmmm,nnansom:m,
and aftar the driers, only sbout S psroent soisture remaing. This is the per-
omt moisture of ‘tha ralled prodxct. |

Intake Watar arx! Wasteatsr Tractaent

Sinca the prodxt color ad coposition. is highly important, the
water used throughout tts cperations nscessarily should not antain any sus-
pended contaminants that are sbls to be resoved. Therefors, this mill bas a
tresttant facility for intaks weter, utilizing floculation with alim and lisa,
mumogm,dmm, The filter is cxposad of the fallowing:
top layer - § inchas of coal; midile lagyer -~ 2 fest of sanxd; bottm layer - 2
fast of crushed stans. ' -

' Qxrrantly, this mill anly has pcimery tzeetment, a clarifiec.
The prasent systam has sbout 90 psromat 88 resoval but only sbout 25-30 parosnt
D redation. The effluant from this clarifier is baing discharged to the
Fox River. The sversgs flow for 1975 wes 3.9 MD. This volume omn bs brokean
domn as follows: '

I-12



2.5 KD £rcn dainking
.9 D from paparmaking
.3 MDD froa wetar plant

.2 D disposal plant and misc.

Under construction now at Plant D is a 2-stage activated sluige
eystam. Praliminary investigations an this type of treatnant faciiity for pulp
and pepar wasteatar discharges indicates that this systam is very effective
at further mxhucing the SS levels snd greatly reducing efflusnt BOD.

i anwmmmmmuamn-
-wmmmmaummw Tha sludge is
wm:ozamnumwummummm
vacam filtering. mmmnnnm-dmmmuummh
daxtared alixige is trucked to thair private landfill.

Laxdfil]l Opezxticns

Tha coepany has opsned a new landfil]l which covers about 18 acres.
Preliminary geologic inmwstigations revealsd a solid bedrock foudation. The
area is exxowpasss] by a man-uade cmpectsd clxy dike, effectiveiy eliminating

' Concern for ruunddatar contaxination mssultad in tha constzuction

- of mnitoring walls. Thare sppears to be tvO layers of oundatar separstad
by a clay tsbla. mwyw.uwwumy
tqd\dthnzmllq-

I-J.S Vit £ - less Then 50 Perumt Bacycled Raw Mstarial
.
Mtﬁh-huy-l.tm i.ae,., 1t§:nh:-m

mearly 50 paroact of thalr fiber requirement by chesi-sschanical treatzant ca
hardhoods. - The ramining 50 peromnt is composed of pxchased blseched kraft
mmudmu.s.udmh-w.w,d

I oaxds. IO cazbonlass paper is utilised, mummmm "

tons per dey.

I-13
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2.5 ¥ frea dainking

.9 D from pepamaking

<3 M from watar plant

.2 KD disposal plant ard misc.

Onder construction now at Plant D is a 2-stage activated alixke
systam. Pruliningry investigstions on this type of trestmant facliity for pulp
and papar vastevater discharges indicstas that this system is very effective
st furthar reducing the SS levels and grestly reccing efflusnt BCD.

Clarifier aludpe contains 10 psrcant solids and is furthar an-
salidsted in cxpaction tanks to a 12 paroent solids leval. Tha slixige is
wm:azamnumwummummw
vacam filtaring. mmmhnwmﬂnmdﬂumm&n
daatated slixige is truckad to thair privata landfill, :

nnmh-op'-darmlzﬂtm\hid\mmmm.
Preliminary geologic investigations revealad a solid badrock foundation. The
ares-is encorpessed by a man-made coxpactsd clay dike, c.tf.cdv‘;ynlhdmd.nq
my surfsos vwoff from the landfill.

omhmammmmmmm
of nitoring wlls. 'Bmpw:nhbplmotqmﬂ.ﬂrw
by a clay tahle. When completaly filled, the Lendfi11 wil). be slightly doms
shaped with a 2 degres slope.

I-3.5 Plant P - lass Than 50 Perumt Jecycled Rev Msatarial

mnuud.pum

: mzuwy-um. i.e., itp:ul.nuin-%m
nsarly 50 psroact. of thalr fiber requirmnt by chesi-mechanical trestmant cn
haphcods. The rumininn S0 psromnt is cosposed of purchased blesached kraft
pulp f30m Caneda and other U. §. sites md euch itess as foolnerd, aps, axd
I oaxds. nmmum mummmm

tone par dey.
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Prodxct B levels from Plant Z have consistantly remained balos
S pom oecxibad by DA, Effluant levels of FCBs amn also sgparently lower

then most of the indugtry uging reclaimed fiber, prubebly becauss of efficiant
Temoval of sspanded aclids in the wvast~ trestmant systens.

Pulping |

Plant £ uses chemi-sachanical pulping, ugin pulp from purchased
wmm lﬂm.:yp.ﬂ.p!:uw Each cparxtim ccoxs
mnmwmmmuwmmﬂmmmm-
fimtions. The virgin pulp alurry is genarzted by anly adding hot watar while
the secondary pulp requires hot wetar plus cmstic scxda plus hypochlorita blsach-
ing powdnr. Both virgin and ssoxxiary stock pulp are not stored ut directly
xbxad vith tha chexci-oechmical pulp strema. Plant F {s a contimous operation,
and all grades of pulp are baing ussd gimultanecusly but only that from the
chmmi -mechanical system is allowed a detention.

st JFAAMAANIA Sonms i £ 047, .

. ' — gt = Y PN bgs % Gois 1O

Blanding of pulp grades ocours in machine chests, each having a
Mmdﬂnm_mm&nmﬂm. It is
. just priar to thase chests that othar adlitives such as clay and othar fillars

Each pulp streem is passed throuzh similar mactiines, with all
machines having an additional coating step. The stock pulp enters the Fourdriner
to prohxos the wet web, agproximetaly 19 psromnt of the watar contant is vaided
bare (in othar words the web's crsistancy incresses from 0.5 to sbout 20 par-
the weter. Ths ssjority of the remaining moisturs is rssmoved by drmdng the
ehest throgh & ssrias of dryecs. mmummm '

Mhmm mn-eup-—am
rollars to smooth it and prodxm a wifomm thickpess. It ic then rolled,

trimnd, ot snd wmzehoused, l-a:mlhm-zdinalymnm
mmuwa-ummmumm
dmmmuummmh
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This plant utilizes GO wmsts facilities; a fluidized bed incin-
erxtion for spant liquor in the pulp mill operation, ad a vastesatar trestmsnt
plant for watar used in the psparmaking procass plus ©owss wash watar and
sseocisted sclids from the pulp mill.

The chami-mechanical pulp mill effluest with a 6§ parcant solids
cntant is sent to an evaporxtor where the solids content is vTeassd to about
4S pexoant. The liquar, now a synp, is placed in tha incinaratar cperating at
spprocimetaly 1300°F, and the remaining moisture is flashed off allowing the
crgmnics to be volatilized. At the bottom of the unit, air jets keep the ash
in sotion (Auidized). Tharefare, pulp mill activity is a closed system with
no «fflumnt, dhmmhmwahﬂﬂn

memiv-mlymu‘mcmuo
Md&iﬁ:,hﬁmﬂdm&y%-sammgotbu—'
pended so0lids is achieved with ¢0 - 50 parcent BCD removal. A new secardary
tteatmnt systam will begin cperations in the mear futwe. Owerflows frum the
clarifiers will ba cmbined and discharged to the secondary treatant reactar,

which i3 aclosed, cxygmnated, thres—segmant tank. Effluent £rom the ISactor

is then sant to a settling tank and aftas a detarmined retantion time the

mwuwwhmnm._u-mmuw
to handle 6.5 myd with a thres hour retantion. The mill has recently reducad

'an:mnml-#mls.owinmﬁm{orﬂmm

| Tha slixige will be rescved with sces of it reused as sl in the
wm_mm-u:ctumuwmmmm_

‘solids by a vacam filtar. This wasts aludge is presently degoeited a: a land-

111, mummmmmwnm:m.

wumﬂyMﬂ&mm-&t-y
um.u-mm-um.mmumm_m:m
be used for other peper products.
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Wayerhetmer's papacssking cparations are based an a 100 rerosat
vioyia fiber re matarial. s a msult, it wes beligved that this mill would
only encouster FCOB6 that were associated with the intake water, or as a result
of irtarnal FCB uses in trasformmrs of cwpacitors. Cootingency spill plans
wars set W in every mdill; trwsformars oxtaining PCSs ware diked md
w&rqdﬂc{_hﬁp.
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1.0 EXUTIVE SIMARY
1.1 EHistorical Backmrod

In 1966, Soren Jensen repartad the presencs of POBs (polychlorinated
biphenyls) in Swedish figh and wildlife as a result of a stuxdy bagun in 1964.
ummmq@mmmumqu,m1m,.mmmmpmmm
tachniques for PO3s. During this pariod concern about PQ3s in food and in the
evirorment of the thited Statas vas increasging. In 1969, FDA alarted its
Districts to egect PCBs in food samples, and to snalyre for KBe in foods
sarplad for pesticida analysis. Findings of PCBs in fish, milk, «ggs, axd
poultry samples ocamrred throughout 1969 and 1970.

I Axgust, 1971, a significant leval of KBs was fard in a grain and
careal caxmposite of a Markat Baskst sarple by FUA in thair Total NMet Stidlias,
ad ths contamination was traced to the greyboard packaging of a cerwal. According
to POA (myporting data for Press Briafing by Or. C. C. Bhwards, Septamber 29,1371,
tha highest PCBs leval fourd in greyboard was 43) ppm. YDA met separataly with
the Amarican Papar Inctitute and with food memifacturers in Septamber, 1971 to
inform them of the PCBs probles in foodboard and to discuss approaches o its

T solution.

By ths end of Septsmber, 1971, all cncermed parties sppear to have
azresd that the major source of greyboard contmainetion was recycled cartcnless
OpY pepax which was known to contain POss. Production of this material had
Ceasad as of Funa 1, 1971, but recycling wes contimuing. In the ssne time frace,
Mnsmnto Infustrial Chamicals (o., essantially the sale U.S. producer of FCBs,
aramncsd cessstion of sales for all but closed elactrical systems (capacitors

ad tranaformers) spplicetions.

- July 6, 1973, the FTA issmuad its final rule-making docmsnt on
tolerance levals of FCBs in various foods and paper food-packaging meterial (10
o= for peper food-peciaging). BNy this tiss the psper industry had sucoeeded in
edxcing FCB levels in food-paciaging materials made winlly ar partially from
mcycled fibar to wall balow the FOA tolerence limit, This appears to have bema
aoomplished tixough sore judiciocus salection of recycled fibar S foodboard
sxxfactire, includings: ' ' '



1) Cessation of uss of cutting scoap from offics fomm prodaction
Odare cartonless copy paper axmtant could ba very high) ) aod

) Lixitation or ealactivity in the use of offics wasta for
foodboard production. '

lewels of FOBs in foodboard have guerally contined to decline gince
197) to a coxent lsval of less than ane pa, ecept for ccoasionel “hot spota®
remilting in levels of W t© five . Thass “Tot spots® are genarally attributed
to the inclosion of significant quantities of artdiated office files cxrtaining
arbonless copy peper. PCS levals in other peper products are also in the ane
Fem or balow range; thoss made frem virgin pulp, of course, exhibit by far the
lowast PCB levels.

1.2 Carbonless Oopy Puper

kcdmlzu,animﬁdmmmmdupcm
chlcrim.\upzubudkmwndu-dhml-mmum
(1nk carrier & solvent the pericd 1957-1971. mmmmm
this poposs was 44,162,000 poaunds, spproximetaly 28 per aant of tha total
estimated MO'santo sales for plasticizer applications and 6.3 per cent of
wmmummmwn Ihlwcpxtntet&mdar

- q- “ c” T~ bt Sanatalt .
124€Q in tha carbonless copy © -tm':ldj-rmt. N ";‘.._.::.:' )

Tha Mxticnal Cash Regzister Compeny (OUCR) was the developer and sole
mcketer of tha PCB~amtaining cartxnless paper, although Appletcn Coated Paper
®., Aplaton, Wisonein; Maad Coxp., Deyton, Chio; Cosbined Pspar Mills,
Comtxined Locks, Wisconaing and Nakooss-Bhards Peper Co., Fort Bhwards, Wisconalrn,
&t cne tims or other parformed the actual production under license from NCR.

The Atoclor 1242 was used as & solvent for cartain color reactants which
wars ancapeulated -into microsphares proAxing aggregates 10-20 microns in dismstar
and sppliad 0 cna sids of the paper Arring the costing peocess. The wvalls of the
sicrospheres ware an aldelyde-tardensd gulatin-gum arsbic forsulation which ruptrrsd
mmmmumdmum'uamme
pencils. m@;@wmuummmmma

- Acoelor 1242.



Tt should be noted bere thet PBs, primerily Amclar 1254, ware used
t° a lisited extent in printing inks. The total usags in this sgplication is
estimeted at 50,000 pounds, primarily in the 1968-71 time frums. Mo Other actual
or potantial usege of KBs in pepar oAt or usage besides the copy peper (nd
thess inks hes bemn definitaly identified to date.

1.3 FCBs in Peper i1l Rfflusnts

It has besn recognised for several years that effluents from paper xills
wMymtmtﬁ-dm The PCBs in thass waste-
“m—mmymmdmmmuumqumm
maunmmmmmmmmmr@
M:Mgwmmmdmun.m_
then 1242). m.ummammmm
MM-meymﬁmmummg
poper nills average about 0.1 pxb), the major scaurce of process contamine*ion by
mmmhmmmmmmw

Aﬁudmﬂh.hmmh:ﬁ&imtdm
wqgmmcmmvm-mmnm--\bm‘n
egactx! to greatly reducs the FCB lsvals in thair efflusnts. HBowever, thess
levels may still be typically above tha ons ppb level propossd by EPA an Jily 23,
ms-_qmm&mummm,mm
Guntitiss of vestaatar fyxm paper mills are genarally mxch larger then from exch
apipmnt senufactime. In addition, shiviges or conoantrates from psper sdll
wetar trestaant mmy bs sufficiently high in PCs as to warrant conoam abast pro-
per Glisposal. : . he
_ The magnitids of the KB antrol pxuhlea is {llvustrated by the existsnoe
of 230 paper mills producing pulp ampletaly darived from recyclsd wastepsper sl
S50 other facilities utilizxing some fraction of sscondary fibar in their gpulp
modxtion (typioally 10 t© 15 per omt), Recycled wastapepsr sounts to
oot 13 miilion tons per year as & fulp source, third in importance to pulpacod
a4 forest prodxt wstes. | |




1.4 and va of the 5 wrk

T parposs of the wark reparted herein was to hring together all
milsvent infoomstion and data conoamning KCBs in the papsr industry, &d t©
. interpret thess data with reqard to ressnt and futume eviramental significsnce.
Spacifically, the repxt adiresses the scuroes, trensport and releass of PCBe
tiroogtout the peper industry; the historioal parspective snd prnjectad future.
mdmmmmmm:mcmmd
tachnology and cos*s associsted with sbetemant of PCOBs in paper mill efflusces.
The daetz cheainad on intaks and effluant PCB levals, on pspexr recycling statisticy,
etc., from induwstry and othar sources are also discusesd.

Thare sppears to be gansrzl agresmant that the entxy of KBs into tm

. peper idustTy was campletaly unintsmsional, that the industry responded wmll to
the need for redirction of ICB levels in food packaging, and that wasta teatment
Syetems for suspanded solids rescwel (albait installed for purposes cther then
FCR cortrol) will significantly reduce PCB discharges from the indurtzy. Never-
thaless, contimuing and increasing concern by the public and by state and federal
agenciss regarding envircrmental and hasn hsalth effects o PCBs, inclixling conm-
mummm‘umnmmm.mwy
ﬁ:a-dntmimmthmim,ﬁ:bwdjmdﬁutm.
Tha cbjective of this report is to presant the actuzl s tuetion, as accurstaly as
possible, in oofer O saxve thoss W must maka rsqulatory decisions potantially
affecting a valushle resazces recovery industry.

. The conomn of the industry was reflectsd in thair excellent cocoparztion
with tte project. Coopemation and agxort from fedarzl and state agency pesamal
ware also wniformly ecmllent. BEwever, it should ba noted that, in gensral,
thare was a scarcity of 4ata in ssverul relsvent areas, particularly historical
data pricr to 1S7S; this was tha major limitation t© tha accouracy and cowpletenss
of tta resulty cbtained, nnxudmmummmwx.

1.8 mmaamaug

Since 1371, wvhen TR caritxnless copy PEpeT wes MO longer merufactred with
a K3 dye solvent, M3 conomntretions in ppper prodxcts, efflumnts snd sluxdges




have shown & precipdtous decline. The former are now in tha O-1 ppm range for
sost prodicts testad. Effiuents have &ropped as the result of better suspended
-nm“mwmummmmmw
Slxiges sesm to heve approachad tha range of <1 to 24 pra KB camxn for mmicipal
a:-hd.nqnqdd and the final disposal by incinsration or lamif{lling of a
mmmdumm-m The present 194 recycling
mate shows that 81% of the snmual prrduction is not svailable to bs recycled and _
carrias its PCB load to the landfil] ox ths atzoephare (via incinsrstion of wastes).

A ssarch for evidance of “pulses® of FCB as old files are recyclad failed
anept on 8 coe-will/one—day basin. The 40 =illion pounds of KCB put into the
mmammm'--ﬂ,mmmmwmm
Ay and. forest product residus pulps. As of 1976 the sverage product conoentIn—
tion as wall as influent and effluont levels had - .1 fallen to the point whare
the eenaitivity and detection limits of the snalytical methods for messuresant
required improvenant. The FOA reported!’) a decrease from 15.3 pm in recycled
"(food packaging) pepertoard in 1972 w 1.4 fxm in the sume meterial in 19%.

As tha introduction of FCB has dacreased in the rwcycled waste pepcr
stoemm, tha fraction of prodct ICB arising from the ingut watar has increased,
but this contribution doss not appear to be significant at gressnt. Por a 0.1 pib
intakes watar concantraclon, total rescval to the pulp will produce (in a paper
requiring 13,000 gallons per ton) a PCBs conoentration of 0.005S pym. As an
eample of just how directly the effect of the carbonless cOpy pepar acts, the
sws concentration (0.005 ppm) would result from the FCBe found in 0.14g of copy
Pepec ... less then ane 8 x 10 inch pisce. '

The historical perspective shown by our mathematical model, and validated
by the svailshle data, show FCBs in peper mill effluents and prodict to have passed
a mocimm in the 1970-1971 period and to be continmiing down to pre-1957 levels under
mmammdmmmmmmmaﬂ
| the lov effective cmomtrations foxd for intaks weters.
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Oor-eits mamrwmants and labomatory expecissnts hsa abowe Tha FGB to B

bs sbwtactive t0 fiber; that is, frefarentially associated with the f bars Ixthes i
thn the water in which they are oxried. Highast FCB carcantrations in fiber §
£
e

 alirries are associzted wdth the smllest fiber particles, the "fines®. REoooosdonl

utilisation of the fiber requires it to be exbaustively recycled (n attampts to
asscciste it with the psper being menufactired., Iines contzul porosity, axfaoe
mmmwamp&m. mm:wotntzﬁlatypinl
mill thos sppesrs to be primarily by way of the suspeded solide. Reovel of
mmmum.m-mmdmmm

o valums ratio of the smller particles shows vy they are the coes that nead
to be rewwl for a lov PCS effluant,

A continued trend of increassd water recycling is exhibited by the

inrustry, for the poposa of minimizing extarmal treatent costs as wall as re-

in the doaign and cnstruction of a totally frocess—effluent free bleached kraft 3

pulping adll in Cenada. Only non—contact coaling watar will be discharged. ’é

Ny endaf-pipe trestmant systams, sxch as the Zum-iAttisinlz 2-etage activatad . i
1
{
\

. alidge system installed by Wisonain Tisssa Mills, offer promise of significant

redctions in BOD and suspanded solids/PCBe. st estimates for aarbon abecrption
treatmant (end~cf-pipa) renge from $886 to $1227 par pournd of PGB rwmoved.

&-dlucdtum,dnrmtmlofb&umimhnt-ru
evidenced by & low= concentration in the effluant. The pepar-emking prooees in
sxh a case is withdrmring the XBs frum ths enviramant and stabilizing thes in

the much less robils peper phase. Of courss, MUREIOUS Ioutes whetedy thase POP:
cn becoms remxbilized (in air or wter) are availshla. '

It i{s balisved that essantially all of the Aroclor 1242 used in’osrbon=
lams copy peper has been malessed to tim eaviramsnt (assming negligible degrada- -
tiocn). At the prest tims more than half can be attributed to Lndfills and the

reminder dissipatad. In a smnee, thess FCBs ware sohilized upon the initial

prodxction of the papar, and thair passage timough paper aills sarely resultsd in

partition betwesn the scospting madia (water, air, solid westes, prodxcts).
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2.0 PROCESS THORMOLOCY OF THE FULP NO PAPER DNOUSTRY

2.1 Sodkyrowd

dew@umdmdmm
mummammzmmm.d.w
fibrous mees, while pepermaking cxneists of foming discrets fibers into paper
M&MM@M&.&J@WM%W
secial feetures suxch as colaring, costing and backing.

The XOCMses require four basic raw msterials: fiber, water, ensrgy
ad chaxicsls. In contast to the earliest mills, newer mills may bs locstad
soms distance from thair fiber scurce, especially in the case of recycld
MMMMQmﬁwmmmmmm._

forest. The watar requiremant is dafinitaly being reduced in magnitide as

recycling methods are being developed within the industry. Tha recycling has
m-mgofmmmmmmdmmmuum
-mmmmnmmmwmbyn_ .
covering energy from cryanic wastas.

mmmmmmmmmumm It
aan be either hardvood from decidxus broad leaf tTees, or softscod from cone
ifercus or nesdlebsaring tress. This categorization reflacts the propartion of
callulome to lignin (the substance which holds the fibers together). The sgply
arrives at the pulping facility as logs, chips made from roundwocd, as ssdlust,
nlbctcnipmt::-wm

In traditional logging practice, a-mt:llp:ﬂmdth-tr—m
utilised in the pulping xill requiring a resoval of the berk from the log.

Machanical debaricing or hydrmulic msens sre used vith the bark often collected
-ﬂh:rm-lnnwm

z.z_;_@&m |
mdmwdmmﬂ.ﬂnmm“d
muwma-mmmmmumm
mmmmama. is task entails elther cooking the pulp-
(mdmmnuammmauumd

te



tims, tEpeEmRte, and preseuns of redx-ing the wood to© fibers by macheniosl
or sexichexical saens.

2.2.1 Machanical m —

Mactanioal pulping, m—m'mmmﬂ
cpazxtes by sechanical ssens, gensrally using either a large grimdstons o &
machine called a “refiner”. The pressnt msticds of meufactire do not differ in
principle Som that of 1867, though the siss, capacity and form of the grindars
bave undargone such change. In all equipsent the logs of wood are presssd against
the facs of a rapidly rewlving grixistone in mxh a vy that the langth of the
iog is parallal to the shaft holding the stone. In ths aldar grindass, loge o
fast long were placed by hand in pockests attached to ths ¢grinder frams, axd ware
| frxosd against tha stona by pressure plates opersted hydrmulicslly . Usually thare
ware thres pocksts cn each sttne so that e could bs cpansd, filled wdth wood,
and put back intn oparstion without shutting down the entire grinder.

_ . Modemn grinder installations are very different in appesrance
from these ald ones, and cperats mxch mre efficiently. Cetinous saguzine
grinders have been developed, in which the logs are fad into the grinder an ooo
floor and dropped down through the megazine to the pockets of the grinder on the
floor below. Such grinders are usually installed in pairs dviven by a motor uhich
qmu@u(@hmdhnmw&GJ.mws.m
. .

The increasingly popular disk sill sstixxd uses a refinar to shred
dmwwmmmmw RNafiner-
groumd wood, mwymmm.ummwm
dmitym.d-amm

mdMﬂmmmuhnM
pedmld.ngbdnq ummmmmuwwm
dﬂd@g_mmmmmummmu
mle as saxiet pulp. Cheractmistioally, groundwood pulping requires high powves -
over 32,000 kv to cparats & 500 tn per dsy groundwood mill.
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Unlike chemical pulpdng, groudeood pulping entails coniderable
tHiber dmmge. Xtmnnhdmy'mkmthntdimlmmdlym ’
agosme to light. On the other hand, grouhood ocesses bave the adventage
of cooverting about 95 perosnt of the dry waight of wood into pulp, compared to
sbost 50 peroant for chamical proocssses. Tha stzength prohles sy be cvercome
qmm—zmmmmmmmmmm
pepescaking stages.

wpnpa:\ltimmmaomofmby
a:lﬁt. Gmoxxhood plants are principally looated in Canada arxd the saarthem
U.S..Mdnawlydntumd.ﬂwtthln.

2.2.2 Cwmicml Pulping

Chamical pulping is the process of cooking wood with suiitable
d—ialmtndimlwmwmugnin ths cecenting matarial
betmen the wood fihars, uﬂnllmﬂn!ihnwb-unuymt‘d ™he
mwwofmmmmummmmmmmwd
ismgroved tachnology, :hm-dtniqzmpzodx:uvity,mdﬂnr-quimw
axb pollution, on-ﬂy.unnjad'—imludniqmmanw
mmwmmmw '

' mmuguzzm:mmmma-m«umm
poa—,ﬁnaddmlzitnm.-ﬂd‘mlmilum In ths kxuft
and the acid sulfite processes, the dabarked and chipped wood is loaded into a

large mmtal digestar along with the agxopriate chamicals in an aquecus solution,
tnat is azplied and aooking is contimied, usually at high temperatures and Eee-
ares, unti]l the desired degres of dalignification and purification is cbtained.
Cooking transforss lignin, scme carbohydratss, resins, snd mineral mattar into

nnﬂnmﬁth-tmhz“bynﬂm For most pulp grades, over 95
mdmmuw mmmwm-mu
mmmmmmmmm relatively poor

coking anditions., The isportant variahles are the size and physicsl propartins




of- ths chips, tha liqor cosposition and cono=' m, sod the tims, presmze,
i temperatizu of cooking. e ligxr cnoentoetion (s the rost inportant
warishle sinca {t affects tha resction mts and cooking time; a large {nitial
" copoentyation incresess the reaction imtm but dacreasss the yisld sisce the
stronger 1iquor removes or weaksns more of the desirable callulosic saterials.
Mnmm.mmmmummm
mmmmmmwm. Tha industxy is con-
- omntrating on ismproved methods of recovering and recycling the chemicals and
of redx-ing energy ingputs. )

\ | The acid silf{te process, discovecwed in 1874 and wall estahlished
cmmsrcially by 1890, remained the moet imprtant chexicel rocsss unzil it was

| overtakwn by the kraft process in 1937. Here, the cooking liquor is smde at the
P mill by huning sulfur in air to form sulfur dioxide snd reacting the gas with

. lismetne to producs 2 cooking acid of the dsaired composition and concentration.

o gk 1~ -

W
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For years thm only bese usad was inmxpangive calclus, but sodim,

‘-_ _ mmmmnuuqu-ma—m_mY.

: eapecially in Scardinavia and North Ammrica, for varicus reasons: reduced cooking

. tima, easler recovery of cooking chamicals, reduced stresm pollution, wore merket-

l able by-groducts, fewer required ecresnings subsequant to cooking, and greatar
brightness. However, the soluhle basss other. than calciim cost faxr to five times

'\ zOre per ton of pulp and thair advantages in yield, retioed cooking time, and
improved pulp qality alone, wdthout the posxibility aof spant liguor recovery and

‘ before the advent of stringent pallution’ amtrols, would not heve warranted in-
Austry use.

' *
’ wnw s

l Since the spant liquor in the calclum-bessd process is unecoemical
o recover and presents 4 saicr water pollustion antrol problem, sost plants will
N sbandon the process unless an econmmical wey cmn be found to recover or disgoss of
‘  the spant ligor. Spant ligxir has besn veriously used, e.g., &s a road binder or
: in the mncficture of yeast, venilla, alcchol, fertilisers, insscticides, taming
1 sgunts, and {nks. It cm also bs burned in conomtrated form to producs power and
stem:; tha hast valua of the dried sulfits wasts is sbout txo-thirds that of
Mm.nmdm-w_mm'hummmn—

et WTEO




mmlmmmmmmumm. Zven this ligited recovery is
likaly to become sore sttzective &s enaryy prices riss.

mummumﬂmumuwmumm
lhpx mmmmmu@.ozuu.mm Racant.

" wmtar pollution omtrol requiresnnts might alter this tvend.

Tha kraft (somstimes called tha sulfate) process is row pre-
domirartly used in pulping. The nmme “sulfate® (derived from tle scdium sulfate
used as the smke-up chamical in the chexical recovery proocsss) is misleading since
u:miw@ktmmmmuymwuﬂm.

As in tha sulfite prooess, wood in chip form is cooked in large
mmmmmoz.mmmWMMd
elenated tanparatizes and pressures. The cooked chips are then defiberired in a
bhlow tank and scresned as necessary before washing and bleaching. The prepared
AUlp ey b aither pressed and driad into flat shests for sale or shipment t
arother facility or retained in a alurry form for use at an adjoining peper of .
pepertoard plant. '

mmmmmm- it can be used on al-

.-:ttmyé:d-ctqal.ityot\cod: its cooking times are short; it entails mo

pitch oblems; recovery of the spant liquor is relatively easy; and it ylelds
valuahle by-products. The pulp produosd has great strength and can be. hleached

.tnhmmotl;dqhmm-. Tha efficient chaxical recovery systam is espacially

is a vary effective but relatively egensive chonical.

The principal dissdvantages of the process are its high cspital
costs, high cost of bhleaching, and discharge of sevaral highly malodorcus wasts
gases {e.g., hydrogen sulfide). Regulations requiring comtyolled discharge are
thus signifioantly affecting the econoxics of the k™ft prooess. Electrostatic
precipitators and scrubbars are baing used to reduce odor by precipitating dust
paxticles to wvhich the odor moducing pasticles cling. Unfortinatsly, since the
wmstaster from thess claming operations carrot be used for pulp washing be-
amse the oz is isparted to the pulp, this deodarizing method merely substitutns
a liqgid wedte pxohlam for a gasscus ons.



2.2.3 Semichewical Rulping o
Sexichewinal pulgdng, which coshines mechanicm] and chesicel

mliping festures, chamically trests the wod to achisve partial scftening and

than oses mschanical refining to completa the fiberization. Semichemical pulp-
ing cffars ssveral adventages over both chamiral and groudwiad processss. The

yiald 13 from 65 to 90 parcent of the waight of the wood becmuse anly part of

the lignin and haxicallulose is recved. This is considerably bettac than the
straight chaxical process. The chamical pretTeetmant reduces the amount of
ot nedessary for the subssguant mechanical reduction, (ncreases the sverage
fiber length, and enables the process to be used effectively with hardwoods.
In addition, since ssmichemical qulping twsen fewer chamicels than the pure
chmmical processss and requires a lower cxpital imeestmant, it laxdy {tself
use in smller plants. One dramback is that semichemical pulping only works
ﬂummumﬂﬁmmm

mwmmﬁtypdwwlpu\qmm
nmrtral sulfite sscichemicul and the cold camustic procaiess. The more widaly
used nertral sulfite procsss tTests the wood with a malution of ecdiim sulfite
which, Amring cookdng, is buffered to about pH 7 with a bufering agent such as
soditn bicarbonate.. The phymical charactaristics of the neutral sulfite process
Ay ke it paxticulgrly well suited for use as a crTuating mdliim. The
nectTal solition produces a pulp with high yiald, about 65-80 psrcent, strength,
acd brightness without cffensive odors.

T™he cald castic prooess, vhich esploys caust'c soda (sodis
w)mmmmummmzmmu
{cinting pepers, is particularly useful with high deneity harduoods that cennot
ba used in the Toundood proomss. Efficient use of chamicals and reduction of

in opanting costs than eithar groudscod or other ssmichexical pxocssess. The
mmnwa:mmmmmaum-mm
mammwm-ﬁmm
m“qmmm ml.i.h:i.nthkntt
system, am use a2 mmber of chesical processes. !!:_rdu.cndd-inlm
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using ceustic soda, a recovery process similar to that used to recover sodium
hydrocide I= the Kraft process mey be used. Most of the rwmining tecTiques
mndwmcwm(mmmmmm
systam) . :
12.2.4_Secondary Piber Pulping

Secondary fibar, derived from wastepeper, is a principal source
of pulp for e papurmaking facilities around the larye metropolitan areas.’
Secondary fiber accounts for about 208 of the fiber used for pulp today. Al-
though the rising cost of fibar will undoubtedly induce the indistry to increase
mdmlu(wwa,mwwtyw
pepar usad for making pulp todity}, such incresses may be less than is popularly
anticipatad. Rizing energy coets, the difficulty of separating wastepaper from
other trash, axd the lack of captive sxmlies may limit the growth i use of
wasteprpar as a fiber source. Mills that use wastepaper genarally have littie
control over thair secondary fiber supply, althoush firms are increasingly
seeking long-tamm wastepaper supply arrangements.

2.2.5 Dissolving and Special Pulps
B ﬁd&dm;of-thm_ic-_nhumdnlﬂumm

‘mwlpﬁrpq-r-ﬂmﬂmmd.m;zwxxa,wtypaof

ilp ealled dissolving pulp. ‘nm.-g-\:otth-p.\lpimmmoo
specialized that it oparates much as a separats industry. TO genarate die-
solving pulp, pulpes produced by kmaft or sulfite processes are chemically
prifisad to rexve all ssmi-cellulose and to extract pure celluloss. The pure’
cellulces (s then usel as a raw matarial to produce rayon, callophane, and cal-
ynmhimimumm&WMmem.&m, '
m.mmw.mm,mmu.m-.
Dlssolving pulp is also used to mska glassine peper (the peper that forzw the
Clear window in window emvelopes). Dissolving pulp facilities are frequently
located atjacent to koaft and sulfite mills so that the pulp can bs dalivered
in slush form withost drying. '




2.3 TP\ Classificwtion of Mills by Pulping Msthod

nhdmm'mmd:md—dhfmdu-

farentiation betwesn plants. mmn&mmot-md

1972, EPA has establighed tha following sub~cacegories of pulp, psper and peper-

mmmmmd-mc:nmm-' '
Table 2-1 EPA Mill Clasaification

1. Bleached Kraft: Dissolving Pulp
2. Blesched Fraft: Masket Pulp
3. Bleached Kraft: PFine Pepars
4. Blesached Kraft: B.C.T. Pap=rs
S. Papsrgrade Sulfite E
6. Papargrades Sulfite Market Pulp
7. low Alpha Dissolving Sulfits Pulp
8. High Alpha Dissolving Sulfite Pulp
9. sSoda -
10. Cromdexd: Cheni-mechanical (OF)
1. Gromdeod: Themo-mechanical (M)
“12. Gromdwood: Pine Papers
V. Groundweocd: C.M.N. Pepars
14. Daink
15. Nor-Integratad Fine Pepars
16. Non-Integrated Tissus Pupers
17. Nn-Integrated Tissus Pepers (fwp)
IPA dafines each class of mill as follows:

1. EUEAID KRPT: DISSOLVING FULP meens that production of a highly blesched
pulp by a *full cook® pxocess utilizing a highly slkaline sodiim hydrowide amd
mm&mu@m. Included in the memufactiring process is a “pre-
ook opacation termed prehydrolysis. The principal profuct made by mills in
this suboategory is a highly bleschad and purified dissclving pulp which is used
frincipally for the ssmufacture of rayon and other rodrts requiring the victual
ma'muamyummm

e pafarencs M. 1; further industry and peooess deacriptions, including waste-
mwm.mmummmmmunm‘mu

U~
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2. BIEACNED KBAPT: MARKET PULP maans the prodxction of hlesched zulp by a *full
cook® process utilizing a highly alkaline scdiim hydrodde and sudium sulfide
cooicing liquor. Inclided in this suibcxtegory are milis producing pspergrade
mariet pulp as the cnly product.

3. EIED KRAFT: YI¥ PAPZRS maans the production by intsgratad pulp and papar.
by a *full cook” procmss utilizing a highly alkaline sodium hydroxide and sodiium
smalfide cooking ligor, mwmmwmmmm
aru fine papers which include business, witing, and printing papers.

4, EIDCHED KRAFT: 8.C.T. PAFERS maang the xodction by intsgrated pulp and
papar mills of hlsached pulp and psper by a "full cook® process utilizing a highly
mmmmmmm'm The principal
m-d-bynm:mthhmugxymmoflmmhrm
mmmm),mm(o uﬂﬁmm(‘r)

S. mmm“mmbymwmmprd
Pulp and papsr, usually hlaached, by a "full cook® process using an acidic cooking
Liquor of bisulfites of calcium, magnesiim, amxnia, or sodiim containing an exees
of free sulfir dicsdde. mwmmwmmwm

awe tisgpas and fine pepers. -

6. mmmmm_mmdm, usually hleached,
oy a “full cook® pxocess using an acidic cooking liquor of sulfite of calcium,
magnes{im, meonia, or sodiim antaining an @xoess of free sulfix dioxids., The
Principal prod.ct zade by mills in this subostegory is papergrade market pulp.

7. mmmmmmmmdwywm
pirifisd pulp by a "full cook” process using vary strong solutions of hisulfites
of calciim, magnasiim, ssacnia, or sodium containing an @xcess of free sulfixr dioxids.
mmpmummmmmmm.um.am
gradas and are used principally for the msmufacture of rzyon and othar xoducts
mmmmam '

8. mmmmmmmmdwywm
parified pulp by a "full cock® process uking very strong solutions of bisulfites of
alcimm, magnesiim, ssxnia, or sodium containing an @xsss of free mulfar dioxide.
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e ilp rodoed by xills in thie siboatagory is principally acetats grada and
the principal uses axe for tha amxfacture of mmyon and other products requiring

tho virtml absence of lignin,

9. SO0 means the production by inlwgated mlp and peper sdills of bleached plp .
and paper by a "full cook® process utilizing a highly alialine sodiim hydroxide
cooking liquar. The principal prodwcts smde by mills in this subostagocy are
printing, writing, aod Business pepers.

10. m:a-cm—-mmbywmnﬂm
xills of pulp and paper, with or without brightening, utilizing a chexical cooking °
ligux to partially oook the wood followed by mechanical defibration by refining
at stsospharic presexre. s principal prodxcts mads by xills in this suboxtegyxy
am fina pspers, neagrint, and molded fiber prodacts.

11, GXXIMNID: BERO-MINAOCL ssans the prodaction by integrated mulp eod paper
xills of pulp and paper, with ar without brightening, by a brisf cook utilizing
stamm, with or withot the addition of cooking chaxicals axh as sodium milfits,
followed by mechanical defitxution by refinars vhich are under pressure. The

;Mmm-mbymmmmmumm,m.

coarse papars, axd tissos [roducts. _

1. m:mm-—-mmuwmmmm
of pulp and paper, with or without brightening, utilizing only mschenical defibra-
tion by either etxne griniers or refiners. The principal products mede by aills
in this subcetsgory are fine papars which inclids buginess, writing, and printing
papecs. - o

L. SGO3OOD: CILN. PAFERS saens the production by integratad pulp and paper

© mills of pulp end paper, with or without brightening, utilising anly mechanical

dafilration by either stone grindars or refinars. The principal products mede by
mnmmymmdhﬂMMMM
feps (Q, molded fiber products 00, -ﬂm on.



-

4. DEDK means the pcduction of pulp and paper usually ixightsned ar blesched
from mecycled wasts papars in which an alkaline trestment is used to reEwve '
oxteminents &xh es ink and costing pigments. The principal products sade by
mills in this subostegory are printing, writing and business pspers, tissus papacs,

.ndm

15, n-nmmm-um-mazmmwm-
{ntegrated mills £rom wood pulp or deinkad pulp prepared at snother site. The
wmmwmmwmmm writing, businass,
and tacinical papers.

T 16, n—mmm-ntb-uhcumotunmbym-

intagrated sills from wood mulp or dainksd pulp prepared at srothar site., The
principal products made by mills in this subcategry are facial and toilat papars,
M,mm,mmw. -

17. K-DNENAYD TISSKE PAPERS mmm-’ﬂl-HWd
dmmbyn—wm&ummm(hp). The
pdndpluo&m.bby.ﬂl:intﬂsnbammhdndmu-:m,
glasgine, paper dispers, and peper tals.

'mmmmummanmmm-
based upon co-sits seufacture of all of the pulp (including deinking of wasta
pepar) used to prodioe the final rodcts (i.e., O sypplemntary fibar saoce
axh as pochased pulp or wasts paper was inclixied in the detemination of the
effluant limitations or standards). The exeption to this is the Groundood: ,
O8! Papers and Groundwod: Pine Pepars subcatsgoriss which ware based upon ground-
@ddm—:c-cuanmm-pnpmn;dardumdhmw
palp used ae spplemmtary fiber.!) 2 particular interest from the stantoint
dmdmmmmmu,u.umn.

2.4 Pepmrmaicing Processes
2.‘.1

For sost pepar and papertosrd products, the pepeomking machine
Mmmdmmmmmmamumm
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of dry seterial, pesses it tizough & series of opsrations to for {t into a

continoons web and to resove the exoses water; [resses the wet shest tO resove
still more weter and to make the shest still more denss, @riss it over heatad
ériexs and finally reals it wp into large mills. This change from stock con~

- taining alsost tan tons of watar per 100 pourds of dxy mattar t© a shest of

papex which saldom axntains over S pounds of wetar in 100 pourdds of dry peper
taims place in just k far minutes axoding to the speed of the machine., A
schammtic of the overall process is shown in Pigure 2-1.

Althaugh sany sschanioal variations and improveasnts heve bemn

‘made over the years, cnly tu© bssic types of pepar mschines, the fourdrinier

el the cylinder, are usad today. Both ware (nventsad over a amtury ao. Thase
mm«wymmmummmm

mﬁwmunﬁmwnmozm&m-ﬂw
ing otages pricr to its introduction to the psper mechina. Thess stages are
chossn to produce the desired fiber charactaristics to neet the product's nesds.
The fiber stock is mechanically refined in hesters or antimuous refiners ©
fray or “brush® the individual fibars. The fiwmyed fibars will have a tendancy
to mat togethar and the degres of matiing will prodce the required strength in
‘tha final paper. In fine pespars vhare a cmpact, tight mat is required the
stock smy also be pumped timough a fordmn which will ast the fibers to the re-
quired length with a limited szt of brushing.

2.4.2 Fourdrinier Peper Machine Procsss

In the fondrinier, the refinad stock is paped to a headbox
wvhich antxols the asount of stock flowing to the pepar maching “wire® and thus
mintaing the peper at the dasired cmaistency. The carefully diluted stock
(- 0.58 solidse) is then spread evenly cn' the “wire® (a wowen brmss or lxanse
cloth, the mesli of which differs in typs and sise of cpmning according to the
pepar baing mads) to form the papar. ‘Meter draing tiuough the wire, and is
speesed from balow to assist in the drainege. The tranafer of tha shest to
presoes is sccowplished with a suction pick-wp mil. Tw shest lesves the “wwt-
end® of the maching at a consistancy of 33 to 408 olids and is rassed through
hasted, hollow iron or steal drum dryer rolla in the &y exd. Becxues of its -
higher cutpat speed and grestar versstility the fowuriniar is more common then
the oylinder.

-18-
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Pigaxe 2-1 gives a scherwtic procses flov diagrem foxr the
fouzdriniar paper machine. Of special interest !¢ the recycling loop of both
water and fiber from the fourdrinier section back  the rich whiim wetar tank,
savesll and f{ltered whits wmter tank. This strasm is the major Lplant carrisr
of finse-relatsd PCBs, and is shown t© be repeatedly passed thxrough the fourdrinis
‘to incveporata as mxch of the fiber end fines load as possible in the peodxct
papec.

, In the cylinder sachins, the hea®rx and wire fourd in the four-
mmmwawmmmmummuw
m&mm

The principle of the cylinder machine differs from that of the
fourdrinier in ssvaral respects. Instead of the shest baing formed on @ exdiless
balt of woven wire through shich the watsr drains, leaving the fibrous stock on
its sxxface, the cylindsr mold rewclves while partially immsreed in a waz of the
dllute stock and theishest is foomed an the mxface of ths vire-coversd mold,
This is accomplished by maintaining the water level within the cylinder lowsr
then that cutside so that the witat drains into the cylinder lesving the stock
an its axface. Tha web of peper fommed by the rewolving cylinder is rexoved off
the top of the cylinder by a falt. Usamlly a cylinder machine cnsists of ssvern)
cylinder molds and vats mpplied with stock entirely independaltly, sod as the
falt passes over each cylinder in tumn it picks wp the sheet from each, thus
making a sheet of miltiple layers. This makes it possihle to form shests with
sxface layers differing from those within the sheset, either in color, kind or
£iber or both. '

The ssme besic flow prooess is associated vith cylinder machine
-mm“mm:—x.m.umm,mm
geodoct smy be snlti-layered, m-mmmmw-m
cylinder sachins.
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2.5 Peper Industyy: Sire and Distrihution

2.5.1 Water Osace

Cansus Burea data shows that Peper and Allied Products had a
MJ“mdzmmm ‘Gross watar usage vas estimstmd
o be 8,126 billion gallions. mn:mmmmmmm-wn-
use .18 ocourxing. ‘nnhht:timltz-dhltnnmhbhz-z

Tahle 2-2
Watar Usage 'in Peper and Allied Prodicts Industries
Gross Wxtar Intaks &tar
Year Gillion gul) (billion qml) Gross/Intaks
1973 8127 _ 2418 : 3.36
1968 6522 2282 0 - 2.89
1964 5491 ' . 2064 ) 2.66
1959 S046 ' 1937 ~2.60
1954 Qe 1786 2,38

_ Betwean 1954 and 1973 wetar intake incresssed by 35%. In the
-pu-l.cd total psper &d peparboard production roee 1061, Ths ttend to

m“mummmm Arq:ortwmu)

dascribes ths processes to be used at the hleached kxuft mill of Great: Lakas

Fepar Oo., Ltd. st Thunder Bay, Ontario. This mill wdill start up in lats 1976
and vill recycle virtually all of its watsr, emitting only low tezparature heat
in uncontaminated cooling watar. Projections indicate this to be at a lowar

cost than use of extarnal trestmant. O major reason vill be the conmervation
dhumdnmmmdﬁnwmlp.

Allowrding for a 5¢ watar loss associatad typlcally with product
m,mz.zmm«“mwmo.s.w
in 197). Mwersgs runoff for the cmtinental U.S. is given by 7oda®) ag 655
trillion gallons. Amummmmmmmmm
discturge is 0.33% of the total omtinantal runcff. Since the discharge is mot
Myﬂm"tbnm,m“wtydmmcu‘-m
bs strongly affacted by the efflusnt loads from peper mills, :

0 T et AL B agrtn o Aegh s
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2.3.2 Production Ristory
hummnmumumnumd
mm&mﬁmlmm“&ag‘nﬂzmm
mtion has bean retained, naw products as wall as new proosascs hate sgpwared.

_ As a reslt, the ategorizxtion of the cutput of the industty is cooetantly

changing. Walle the categoriss am ralatiwly stable over a short tam paricd,
they have changed notiocsshly during the long tarm. The gensral overall txend
bae bamn cne of production incresss, underlain with a use of recycled wasts
paper which has wriad with world econoxic and palitical conditions. Table 2-3
shons the informstion on production aod ssondery fibar usage cbtained fraa
Boem of Census, Amrican Pepsr Institits end other ewxces for the 1957-1974
paciod, '

Jocording to the last colusn f Teble 2-3, the mts of recycling
has remained virtmlly constant at about 200 since 1968. Even wdith the esphasis
an ro-use and conestvetion of .natural rescuroes, littls changs can be seen. _
Lirgle'® statms thet peper constitites 118 by smight of mnicipal solid wastes
going to dispomsl. Of thet peper, 29% is cxTugeted antainers, nevepepers and
xinting papers are each 208, and peckaging and the othar categories seke up the
balance. STightly more then half of all paper wvaetes are from redidecces with
the rest origineting in comrcial or inetitutional locetions. |

Saxcve ssparation is a bagic part of most collection eystess
focosing on recycling. Meawgepsr hxxdling in residential areas and compeactad
cxTugetad carton collaction fros camrcial escablistmants are emegles of
sxch source ssparation echamss. This is required so thet a psper mill utilizing
Wmmmmtmmauhmmmm
typs of fiber is guing into its process.

mmdmnmum—nmhm.m
-:-da:—::hlﬂr.-hu:-d“m' Waile it can be utilismed by
ssgumts of the paper induetry, there exists the chance in this waste stxemm for
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Product and Tate
mar e (15 e (0% eoka) (10 tona) (10 Soma)
1997 13.6 1¢4.1 3.0 3.7 e.5
m ”-, 1‘cl . * ’o’ ! ”.. ..7
1999 1.0 1.8 : 3.8 M0 9.4
1960 18,4 1.7 3.4 n.s 9.0
190 1.7 16.4 IR . 8.6 9.0
1962 " 16.8 118 3.4 37.8 9.1 .
1963 12.3 10.2 3.7 , 3.2 2.6
1964 . 1.2 19.6 3.9 a.7 ) ’.0
¢ w ”0’ ”o. ‘.1' “.l lOQ: .
1966 2.7 22.6 3.9 a.1 0.6 \
136? 20.9 22.1 3.9 “.y 2y
1968 0.4 24.8 'S 1.2 - 10.2
1969 .6 _ ‘26,1 : 4.9 84.2 10.9
197 n.¢ 2.8 44 8.5 10.6
wn 0.0 26.1 s.1 ns.1 . 11.0
‘1M 3.4 20.3 : .S 9.3 1n.?
m %3 . © 19, .87 1.8 S 12,2
1M %9 27.9 s.2 $9.9 12.1
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3.0 DAMEFORT OF PQOis 1IN TIE PAFSR DOOSTRY

3.1 K3 Scxxxoms to the Industry
3.1.1 Influent Waters

_ Amnmunammmm
u-dm-rdm-d-—dm-:yhmlm_dtbm ™his
valie, which wes dstermined to bs 0.1 prb, was derived from several sccas as
showns balow. '

During the esrly sonths of 197¢, EPA instructsd its Regicnal
Offices to conduct & empling program aised at ident{fying point scurces of KBs
to the exvirooment. This Regicnal Srveillancs Progrem repartsd in excses of
2,400 deta points. Of these, 106 could be unarbiquously cotegorized as having
coma frre a netural body of weter. tith the elimination of a few smyples suspectad
of baing contaxinnted, the sversge valus of these “natiral wetar® sesples is 2.3
mb. Bowever, the chailce of sampling sites was usually contiquous to a facility
vhich was alresdy a potantial FCB exittar, so that this value is pxobably mxe
deawm,wymm_mmnmmlm—
-:ulbdn;:nm. mmumammmm

-h-pnzdmh_l-tlmtbn&thm Pepar mills faocad with

wmmmm“un_-nymamw
Wp prior o use. Such trestamnt would be expectad to remve Up to 90 par omt of
the FCBs from the water (retained an rescved particulates).

. pernis®) cbtainet STORET data for PCOBs in mmjor U.S. drainege
mmm.wgmmh-ﬁmmm (not detactabla)
to 0.3 pxb in his tabulstion for 1974.

Data an intake wter K3 cnomntretions from the Ingtitute of
dstactshls levals and the other five oeporting a average of 0.2 xb FCBs.

n the basis of the sbove conaidersticns, the regressctative FCBe
leval of the watar used in peper mills was taksn to be 0.1 ppb.



3.1.2 Process Chemicals

“Tabla 3-1 gives a typical listing of soms of the mejor kinde of
chamicals used in pulp and papexr making. The smounts used on a per wit wn besis
vary from toace gaantities to 280 lbs. for some pulping liquor comstitaants.

Both Crowvn Sellerbach and Mnstituts of Papxr Camistry ressarchars

~ have teested pxocess chexicals for FCBs. MNone have ever bsen detactsd exept for

qumwwm Amqhalcuhtimdn-dutmm
-2ppnmummammt.-am of trisodium phosphats
p-uzdwlp(m,ncmlmmﬂmdnbythﬂht),Zqz-d
3 would have to coms in dth the detargent. Its conomntretion in the dstargent

. would be 5SSO0 xm, easlly detactad. Even an increase of 0.1 ppm in the product
~from this saroe vauld require a cnomntration of 27.5 pom in tha phoephata.

Present snalytice! capsbilities allow monitoring at L fxm and bslow, so that PCB
inpres from process chamicals would have been easily noticed.

3.1.3 Inks _ : N
The Mational Printing Ink Ressarch Institute at Lehigh Univarsity
—mzmemmmwc{mmmm. e

mmwmmnmmuﬁmmmm
pepeT. r—lln-h-:ofmb-uttn:nmuprtofmmb

'-niuwmultuﬂnlc:m m.thyd:m&m&.w:yunym

-ﬂhdmcmimvihw-ﬂucﬁtmbythdnmummm
COpY peper was stopped. ‘lbth-b-nluxx].dq-otm cne of timse inks reached
wmmmmmmmmu.mzmm

Subsspamt conversation with a represantsative of the Sun Chemical
®@.* ixdicatesd that F(Bs ware used for ssveral years prior to 1971 in "Qlecgrghic”

" inks used on flaxible packaging. It wes estimated that the production of such inks

during 1970 was about 20 million pounds, of shich abruut five par cant of the pro-

. axtion wuld have cantained ICBs at a twO par oent by wight conontretion. Thus,

tho estimated use of KBs for this prposs, apparently the smdmm, wms 20,000
pounds in 1970. The historical trend for this applicstion i{s not knowm, but based

mma&&.mm;.mwm., Octobexr, 1976.
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mnﬁm@ddmdmmmmw, it is

estioxted that the total usage cf PCBs in such inks war about 50,000 1b. Hlex

hmtiwnhm#xlyo.l'p-rout_cftnulmwin.
arixnless copY Paper. mdﬂitim,ﬂmdhhm:nmcjpmnym"
plastic ar coxtained plastic adhesives which render thes wnattractive for re-
cycling. Thus, it appeary unlikaly that the KBs usagye in Sleograghic frinting
-mmmwmuymmnmmmmmm

€ e

3.1.4 Ricycled dante Pepsr

A wvas indicztad in Section 1.0, the major source of FCBs entry
hwthwiﬂmywmmmm&mﬂnmofuodmudzm
mwmmUS%naﬂMWoflfmdm
product. TO some extent, FCBs contamination has spread from this source through-
art peper products bscause of the affinity of paper for PCBs. A suwmary of gvail-
able data on PChs levels in various types of papar products, byyu:',hp:ucxtnd
o Table 3-2. mmo:mmmumwmu&.mmm

e e vy
B

3.1.9 mwmawmotmmmmm

Although peper mills utilize askarel-filled (PCB) transformrs and
capacitors, and may have utiiized PCB-filled hydraulic or heat transfer systams,
FCB-containing lubricants, paints, etc., it is considered unlikaly that such
activities would be causing release of significant quantities of FCBSs to eithwr
dmm:c&“ormm.

' : Similarly, it is also considered highly unlikely that FCBs are
produnced in the practice of we.camtar chlorination in the paper industry. Biphaenyl-
has not been identifisd as a wasts stresn anstituent fram this ind:stry, although
vary smll amounts culd concaivahly entar via recycling of packing matarials
(typically for fruit) which have been trested with bighenyl as a fungicide.

3.2 ¥ Comtant of In-Plant Stresms and Messrvoirs ' '

: Data an FCB levals ¢f in-plant xocess stIemms are almost coepiletaly non-
existmnt for thres sgperent reascns. First, st the cbssrved low concentratricns,
mmm.“zmqu,mmmmmnummm.

ST L (TSP S0 T M) 4 ST T S A

Mm——-—m,mwm“-‘
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Second, wost plants, especially the older cnes, are not planmned with specific
cspability for ssepling in-plant flows, so ey sapling dons is sore by opportnity
than by deaign. My{raﬂ!f:d.nlnmy-m&ummﬂoomw‘,
ad & smrpling progrom without a clesr goal of carpliancs with requlations axr
prodxt improvemant is generally considared a poor investment. A K3 snalytical
sywosa would require cepital costs in tha range of $15,000 to $20.000 and arvaal
cp-ﬂ.iuxuﬁarmhudm,hbm.uﬂmdmdwmm,m.

3.2.1 PFCBs in Deinking and Pulping Process Water

_ The dainking process watar is typically not a recycled stremm,
dmm_wamitwu'a-dmum:mofﬂnml“
usage for a recycling mill., Deinking procedures and conditions depand an the
product Gualities desired (white or natural or color, etc.). Although some of
the KCBs associated with recycled paper will probably be stripped from the fibers
during deinking, this should represent caly a minor fraction ot the total PCB load <~
of the reclaimead matarial., . o

During thes pulping rTocess the callulose fibers arm separvted, and
within the mat. FCBs already released from microballoons would then be able to
distrihste thenselves betveen the fibars and the water. Since evagoration and othar
*losses of PCBs Arxring pulping should ba small, the above appears to ba the situa-
tion when the slush pulp entars the papar mill.

53.2.2 Distribution of PCBe in the Pepemmaking Process

et \qum(mrumz-l).mdwm
entaring with the pulp exit with the product. These would include moet of the FCBs
in ineact aicroballoons and most of the PCBs associated with fibars. In the drying
_dwqrm,'dnvmofmumthw&
cdistill fres (not encapsulated) FCBs at or 7ear the sxface. This is the mmjar
wqm_mmmmm. -

In a typical plant, mxch of tha watar in the psparmaking process
tiits water) is recycled as shown in Pigure 3-1. whits wvatar from the fourdrinier
or cylindrical ‘machines containg dissolved and susperdded FCBa. The fibers present
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" sre ralativaly small, wvith high scface area psr unit waight, eo that the retio
of PC3a to solids by weight mxy De as large as ar greater than the KOs contsat
of the product. Much of the KBe in suspanded fooe is added back to the smin

gxocess with the short fibars, in ordar to consarve fiber. Tw liquid phase fxom
the “ssve~all®, a ssparator unit, is filtered to futher rezove fiber (which goes
back into the process) apd the filtrete is dlscharged. This clarified save—ell
yiald cm be e of the mjor cospnants of the discharge from the plant.

If va asemw 2 1 pm FOB conaentxation (typical of prodxct PCB levals
using recycled pulp) in the fiber portion of the clarified sevw-all yiald (at
120 my/1 salids), the FCB concentration of that flow is 0.12 ppb which is effective-
ly tha same as the intake valus salectad as representative, arnd near ths lower
warking limit of present analytical techniques. About 95 par cent of the ¥Chs
 entering the save-all appear to bs directly Tecycled back into the papar an the
FCBe first pass through the white watar systsm. Thus, it appears that most of
the RBs (and the solids) in the effluants ariss from unit processes othar than the
ssva—-all. : '

Since it sppears that most of the KCBs in papar mill effluents are
mz-_iviﬁlthtihr_nudl (either encapsulatad or adsorbed KCBs), the
mjcr route of KBS entry into wastswatars sust then be via solids entzy. On .
Figure 31, this ccours primarily in the aguecus discharges from ths cantrifucal
clesnars, m -hine scresns; and press section. Fibar loss at thess points is
sufficiant to cause solids levels ip to several grams per liter in the rew weste-
water.

3.2.3 Pate of PCB-Cntaining Microspheres

The hardenad gelatin-quam arabic walls of the ink-carrying micro-
. balloons used in the NCR carbonless oopy peper are ansidered essentially stable
under conditions typically encountsred in the use of secondary fiber.  Thus, oot
of the microballoons should procesd through the process intact. Most would be
egectad to be incarporsted into the product, becsuse of the manner in which fiber
is collectad in to product (essantially a filtration process).

-31-
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Based on the abowe, tis Ms contant of the plmt effluent ghoald
m&mmmmmmmdawdm
MWM(w_pd&!m dAiring collection and trenspoxt
of wmstes, and in the recycling and pepmxmmking pxocesses). The reminder of that
Mwmmm@mm.hw,amm
the strem in waricus othar ways.

mhlhdmlﬂmthmmmd&
nmmmmwummm Discussions with
mmmmmwmm especially discuseions on
mmumﬂmmumm-mmmw
mmmmmmmmym OB levals remilting from
mamwmumwmwm
are mxh higher then thoss cbtained using caventional extraction proosdures.
Bwever, this aaild be grosaly misleading aince the ssms trwatment is necwssaty to
ssparzta the individual fibers to releass for malysnis KBs (in whatsver stxte)
trapped within the mt.

The actual proportion in peper rodrxts ad efflumnts of PCis in
intact microballoons is not known and could be ascartained only with difficulty.
'm«mimdﬁmmmw:ﬁn-umdmmm
a recmt report (12} 14 0 determine the smamt and effect of PCBs [resant in pxo-.
Axts and effluents within intact microballoons. =

3.3 P8 Iossss from the Pulp and Fepar Industry
3.1.1 ‘astematar

The FCBs amtant of microballoons in plant efflusnts omn bs
resiived by solids pesoval; similarly, FCBe sorbed anto supsndad eolids in the |
effluent can likerise be resoved. Solubilized FCBs, either in trus solution or
fressct in or an very small particulatss, will be very difficult to rescve from
efflunts.

mmmmummmmuu
pwmumm-mwnm-mmam(u
_qh) and watar, based on the relativaly slight scommlation in woody plants




and scenty geoaral information sveilahls on this subject. Unpublished data

cbtained from tha Instituta of Peper Chemistry concemning a series of egecrimsnts
in which ane per ot fiber slizriss in water ware dopad vith PCBe (p to 100 pebl,
shakun and allowed to ssttle, and then filtered and analyrzsd, indicated partition
coafficients ranging from 600 to 1700. Thase values are not sufficiently high to

. allow reoval of dissclved KBs with suspended solids in m{ll wmstsatars as

described balow. |
A & partition coefficiant for FCBe between calluloes and watar
of S00, and a suspanded sa)ids contant of ©o ga/litar, about cne-half of the
*frea® F(Be would bs @pectsd to bs adscrbed anto the fibar. Eowever, recant
{ndustry exparience has indicated that remcval of over 90 parcent of the suspanded
slids from the wastewmtars will also rexove over 90 percent of the FCBs, with
resulting FCB cncentretions in the renge of 0.1 ppb to several ppb, wall balow
the rerorted solubility level of Arcclor 1242. In the absence of other infor-
smtion, thhwmhﬂat.ﬂutnhdwlylitﬂnotﬂummd‘w

umhp:-mtudimlvdm

mnmiwo@huﬂmhrmnbwnmmb.
posaible:
(1) mpmumwtum:m-wmwnmmu
v-:ynx:hq:umthmcfulu'dtﬂ:

(2) Most of the F(Bs [wesent are encapsulatad in microballoons and
mdmx-wvdinthh!mnd:nqvithth.othcnudncr

3) mmmwum:mmmmm_
saxve to ssparate the FCBs fxum the watar,

Altarmatives (2) and (3), or a combination of these, appear
ba more likaly than altsrmative (1). In all paper mill wastewmtar trestamt
systams of vhich wa are sare, polymsaric flocculation aids are added in primary
treatment and/cr the watar is subjectad to activated sludge secondary treatsant.
It is wall-know that biologlcal slixiges exhibit a strong effinity for PCBe and,
dmmmpdwacdﬂtyotmizﬂy-dcmhnm“mm
(and calliloss) is not haovm, it mmy be mumised that these agents are better
scavengars of FCBs than callulose. Howswver, altemative (2) (most KChs still
excapoulated) reming a stzong possibility until proven otharwiss.



Tha K3 levels in raw wastes ZLrom recycling plants very wddely
bt are typioally in the renge of 10 to 100 pxh, with axrent vasts trestsent
poactioss, this 1s reduoed to a typdoal range of less then 0.5 gxd to sevexunl ppb,
with coomgionsl emxreions. AS & Cnesqmncs of the recent egerience showdng ¥CB
Mmdmuawm-m amplisnce with BRCIQA (1977)

'umm)mmmumamwmmm

2 lswais.
3.3.2 Loasss

3.3.2.1 Losses Drring Pepermaiking . -

: Mmilable informetion indicatas that thare sxy bs
migrahle losses of FOB Amring ths resoval of moisture from the paper in
the &ryer ssction of the machine. This conclusion vas reschad on tha basis
of sass balanca stixiias done an a maber of cooperating Wisconsin xills.

: mmmu‘d@;}mmmtm.
paper of anly 1 gxwm par ton. Since ths qualitative sssesssant of the vegar-
izztion loss was that it was a few peromt of ths FCBs ressent, the loas will
not pose a health hazard, nor will it have a significent effect on the con-

clusions reached in the modal of the industry.

3.3.2.2 losess from Efflusnt Treatmant Pords
A significent smount of the treatment of pepammill

«“fluant oocurs in eystams opan to the atmosphare. Such choiom) as aerzted stabilise~
tixn basing, amm.mmwmmmmm
nm-wlydemmm&hmdm
BOD. At the sems tims sn opportimity arises for PFCBs to exchange across the solid-
u@dmmmw. W dafinitive data on these proossess for FCB
loss are svailsble, but there may bs the possibility of exchenge medisted by the
mﬂdﬂqdﬂ.ﬂnm&mm

m_mu-ammmyw

mawm—-mmlumnnzummm’
-m-wm—-mxnmmnm/mammm




in egarinets carriad st st tha Dwtituts of Pepar Chemistry. The latter cass
showed up to 30 par omt losess from salutions spiked to ths 100 ppb conocsntration.

Quantitative esssssmrt of the eveporetive losses from

mwmw@mmoztw%m
ummm.:-mnmmm

3.3.3 m Losses

Destruction of FCBs by high temperatire incinarstion is genarally
ragarded as requiring a 2 t0 3 second exgosITe to 2,000°7 for “cmplets® cmbustion.
. @hortar contact times ar lowar tesparatures will not allow complets elimination of
thase stabls capouxds. Specially designed incinsrstors have besn opersted by
Monsmnto end othar fioms for the proper decimation of POR-amntaining liquid wastes,
but typical mnicipal and industrial incinerstors will not destroy FCBs corpletaly.

3.3.3.1 Bark Buming

mdn-unsmmmm thbukhoftm
Munmqmmamammummmmnmnna
niler for stesm genarstion. Smaller producers of bark mey simply incinerste it
along with unsalvegeable fiber from othar parts of the oparztion. Lilee the virgin
wod, bark has a PO} contant which is essentially nil and resulta in an extremaly
uwcudmtp_ﬂumm-m oxditions.

3.3.3.2 Sludke, Spent Ligquor snd Carbon Burning

On an industry-wide basis thare has been a drastic decreass
in incineration of thess matarials. The price of fual necessary to mix with them
has risen to the point where altamative disposal echenss cost less.

Slxige is dmmtared and generally landfilled. Its KCB
axmtant usally ranges from 4 t© 25 pm, the same mange ehibited for mmnicipal
trestmant plants. (1Y) ag guch, it should be subject to the same careful handling
as othaxr FCB wastas.

mmamwnmmnymu
ummmumamwmmmmm
m_mmwummwummguqmm




salshle by-prodocts or for COIVErEim to other uset ingids the plant. Thess
Teascns bave 1ad to a great oversll reduction of LiQuar huming tiwvugtuast the
indowery.

Charcoal burning hes besn used {n a fev instances for
e prodxtion of caxdxn, Brt the extant is ot grest and ane would egect
volatiligation of sny FCs to heve taken place prioc to axch en ectivity. As in
bark hurning, actual msascremsnts cf sxch potantial losses arw not aveilsble.

334 mmmm——

hhﬁnﬁyd&:’.ﬂnmmlﬂd?tns”m
mu.dmmmmmm,zmsmaxdmmw
d#&-mcgtimmmﬂnm&:tm This asounts to 40 to
100 ponds of solids per ton of product that will be incxrporatad into the aludge.
Aa mtioned in the previcus section, the few data for pspar mill sludge PCB can-
tant shows it to be in the sane range exhihited by mmicipal trestssnt plant
alixiges. Thess Tnsiderations predict that an average mill with 100 ton daily
mmmmmzmuoc—otmmay(o.ou-o.zsnn.)

m.:r-cuv-mmn:yotmmmumnumum .
\-J.J.hcrib-d The FPA Ragional Surveillsanos Prograa gensrated 75 smnples dascribed
as leachates. m“mql-\bc-m‘mmmmmu '
ﬁnmitymmlmp:inttps-puq g

anﬂzuwl-mmhdincﬂywath
mymmwum,mmmmmnmm

is 2.8 ppb. IthmlyZ.ldmﬂnlumethmmm
40 CFF PT.136 staxiard analytical msthod.

Assming that landfills are aoout 40 t© 50 per amt paper, neither
mmcmmwmmummm&dm
n fact, mmnmmuwmmcnozmm
lﬁ-mwwu-wmummmmu
Section J.1. mmdmmmhmmhmmcubmq
ad strangth to thair association with soil or ssdimsnt particles. RCB mobility
in eadiments is zegortad to be very lov. 1326417 mig 14 thoght to be due o
tha svailahility of cxgunic satarial with vhich PCBs prefarentially assocists.




3.3.5 P Dacentration in Pinished Poxdxt

_ Prodxct concentTations are referred to alsméare., In gewral,
D.de&m-dldthmubcmwma-wm
purts per million., This agterial agpesrs to be alaost antirely dus to use of
Aroclor 1242 in KR oartxnless copy Peper. frior to the sgring of 1971. Llevels in
products sppear t© be conaistently decreasing since the 1971-72 tims frame.

3.4 wnitoring Tectmology

The study Of PBs within the pulp and papsr industry is netumally based
o the data genuratad by the analytical procedmre. At the pressnt tims, just as
in the snalyxis of natural watars for FCBe, thare is no standard msthod for the
malyses of pulps or efflumts which taka into accant the peculiaritiss of the
mtrices involved. For exarple, in the analysis of pulp or paper, it is abhsolutaly
Gsemtial to reeove ths FCBe from the fibor quantitativaely so that eventual estxaction
into an exganic solvent such as heane mey bs acoamplished. Resoval proosdures such
& trestmant with alocoholic potassium hydroxide have been used. Applicstion of
sxfactants such as Triton X-100 is also practical. Baving rexoved ths PCBe from the
fiber, it is then necessary to make sure that both forms, the free PCB and the
exapsulated FCB from NCR carhonless copy (406X, Are extractad into the solvent.

Thare exists a Jafinite problem with storage of smples prior to extrae-
timndnly:h Nparently, the crganic activity of the bacterial population
mummmaummwmm-mmum An attampt to
control such losses has besn tn ad! formmaldshyde to the samples, killing all biotic
activity. This has proven sucosasful in lake and stresn watars. (18

IFA researchars reccmmend that the extxaction stsp be parfommsd on a vortex
mlwar in the ariginal containaz. This is to give the solvent the mexcimm opportnity
to react vith any of the analyte bamd to the cntainar wvalls. It also will assist
ummmmmmmmumumyhxwwm
Inetituta of Peper Chemistxy. 1P Similarly, it has bsan recomsnded that all
mamm&.mﬂm-@hﬁmhtqttnmm
inimss,
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Lt oA tstercmlilxeticons lave o ¥ drastio offuCW & pEveizicx
and eIy which the smll differwnoes in rEgle hondl (v &l SEONC cm: bawe.
Gas IC vty sixnad 3 laboratories sepoxting 11.S ppbd, 102 ot ek 100 b om &
split effinent smmpls. Rt while other smples shougd o8 largo Petentage
differwmcas, thars was o0 Pagularity in the labcrwtories repocting high or low an
a given eample. DC and othars are wxking in the viciaity of a 0.1 gpb dstecticc
limit 10 effloent emples. DSt of thass inbercalibratices tooi place st comastr:
dmmm-mmu-u-cmumnudsu-nmu
‘wwwmdm

_ Wazmmu.wammmmm
mlti-pesied plots given by KOs, Nper xill offluents oftsn show isterfacisg
penks cansad by oon~ICB mstirials. Raccxmes tO mass epectroscopy malyxis s sme
times necasexry t© ssparats thase iverferents. Sme rexwal is acoaplished by
ample oxidetion with chermioe trioxide, but ssnry pssks omn Sesain &l ¢ gualitadic
md&mucmmmhw o poachi)
«umu:—x,nmwnmdmmm =
umnm-mumumm‘

e axtiming dacline in I cxomntretions ip efCuent, slondke ad
podact will require & aotimiing isprovessnt in detaction lisdta end smmple trest:
st technicges

A datalled trestmmnt of aalyticsl tectmiues for PO in Jrpw poodacts
aad paper mill effloents is presented in Jafecwcs (13).
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4.0  OIT CEVELOPWENT OF I3 ROVAL FION PAPER JECYCLDG KILL

4.1 Backgrouwed
The major spparent ceuse of FCBs in this industry is the use,
mtil 1972, of Aroclor 1242 in carbtxnless copy papar. A significspnt por-
tin of this pepar has gone through at least one recycle resulting in the
FO antaxination of the «fflumts eamnsting frop tiwes Zacilities.

|

|

|

I Thres mxjor- Ypes of pepsr mcycling mills axrently edst

in the U.S. They ave: _

l Q) ills prodring paper products with deinking process;
(2) Mills producing papertosrd from vestepsper; and

l (3) mnr-integrated mills producing tissus peper from

mxﬁmm N .

I A mmbar of mills in the paper recycling industry are so-called

cmplex xills, i.s., mills vhich produce miltiple peper grades. The basis

l wed for classifying coeplex mills is the prodsct and process which account

for tha loogest daily prodiction capacity. Table 4-1 sxmmarizes the

' distribution and the production of the paper recycling indwtry in the U.S. .

) The general fxoosss used in the peper recycling industry is

l _mmm&mg(myt&dmm).mm.w(m

for psparbtoard mills), screening and clesning, and psparmaking. PCBs cmn

umhmmmmmamotmmm

l staps. The wetar usage of a deinking plant is large and can smumt to 65

' parount of the total usage of the entire mill. Water used in pulp washing

i

is generally done in a countaxflow systam vhich allows maximm potantial for
water reuss. Same charactaristics of the efflusnt streans are shown in
‘table 4-2. Data an the FCBe leval in the efflusnt streems for this industry
are discussed in Section 1.3. . .

. Technologles for the remowvel of PCBs from industrial waste-
mummmmmamm.‘”’ Carban
adaception in omjunction with pretrestmsnt (eqalization sxd multimedia




1. Deink
2. Psparboard from

3, Non-imegratad
from wastepeper

™R 4-2

EFPLLENT OCRANCIERISTICS (P 79
YAPER FECYCLING PLANTS’

EBffluant Flow Rate
1,000 1/kkg of product (1,000 gal/ton)
rangs, 5.5 (13:3) - 93.0 (22.3)
svarage, 74.0 (17.8)
rangs,’ . 5.0 (1.2) - 68.4 {16.4)
sverage, X0.0 (7.2)
rangs, 21.9 (6.7) - 7.2 (19.2)
averags, 53.6

'Saurce - EPA reparts 440/1-76/047-a and 440/1-74/025-a.

-1
9

®w-0

ot aweilsble

ot saveilsbls




e »e [
T TR Em oam [ R —— Po— "

filtration) vaS Mexzmended as the bast axrent caxdidats for the resoval

of FCBs from tha wastmmters to the 1 ppb leveal or balow. Cbst information
guarstad in this report fior the trestmnt of paper recycling xill efflusnts
uu—dmhm-ﬂmmm“dmbl
ad 4-2 vhich ware takun from that repore. (19)

:-)mth.mmﬂdxwa-.umnhmm.ﬂﬂ-m
m‘b@umgmmmw‘ramm'
tion of carton tTexttant down t0 the ans ppb leval. As 'as discussed previcualy,
it is concaivahla that a sufficient fraction of the FCBy presant vill be resoved
vith the solids Axing filtration so that the ons ppb =an be resched withouz
resart to further treatmant by carbon ur any othar ‘acinigue (rv-oxone, etc.).
Similarly, we have assmad, turthcpzp:uofo:c:uﬂmim an end-of-pips
umummmmmymt(wmm etc.) already in place.
I'n-gu.. then, the following shee:ld Mamt—can situation.

4.2 Plant PCB Hastewater Treatmant

The treatnent systam designed to remove PCBs frum wastswater
is capable of handling all possihle contaminated flows. A schemtic flow
dlagram for this treatmen: system is given in Figure 4-3. "Since there ]
can be a wids variation exasting in thase flows, a flow equalization basgin
is necessary to provide a near constant flow dosmstTeam tO any downstreau
treatmarct unit opexration. ,

' In the equalization basin, suspanded ails and immiscible aci-
vents will separate and rime to the surface. Susperded solids will either
rise, fall or ramin suspanded depending an their densities and particle
aize. It has been found that suspanded solids will abeorb PCBe on theirv
auxface and these ara removed either in the equalizaion basin aor by the
sbseqant filtration. Any hsavy matarial collectad from the bottom of
the besia would be dnmed and sent to an incinerator for deccrposition
of KBs. Tha floating liquids would be remover! by a balt skimmsr and
cooantratiane of Ps. It is assumd that PCBs will entar the equaliza-
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tion besin at M Winon conocentistion and leave it &t 200 pph, end thst filtre-
tion wlll pecion the PCne leval t0 50 [pb. Subsequent terminal trestmmnt
systams, i.s., oxxton adecxption will redips this PFOBS conomntration

to 1 b or lass. Plants wvhich already have trestment for suspendsd -

salide and discharge less than 50 [Eb of FCBs in their «fflumw: stresss

mry irstall the carbn abscrption eystem anly.

4.3 Cost Jaferwnces and Peticnale

e baxic sssmptions axi ratiocnale employed in dsveloping tme
mwmh&mmm&n
el can be summarismd as Sollowss

) Q:tumdlwl@-du ‘regresamative plants® ather
than any actual plant. 'mdwphnu are
‘dafined to hewe a aize, m.dwmﬂa
Apdtw\bynmmotdnw
factrers in this category. In the absence of such
mm.hm;ﬁ-dcmotm
.8iae and wastmmter flow for all plants is used.
It should be noted that the unit costs to treat
wastes At aty glven plant may be considersbly
htﬁtmldutﬁmdnmuﬂwpm
becmme of individual clroumstances. Extra~ -
polation of thess costs to the entire industxy
\mldvuyuhlyb-mmnldc

{2) mmhmmtﬂmu‘m:tctm
ma-dmh-mmnymlm.dn
volumetric flov rate of the wastewatar. The treat-
mnt costs dewaloped in the previcus regart (™)
‘&nmlmm-dm
hﬂqw-d—l-ﬂt-z..




(3) Very limitsd smounts of inforssticn are availsble
from this industty conoaming the PGB caoncantrstion
in the efflumt and the kinds of trestmant pressntly
eployed. Therefore, the estimted total armuei
cost for PCB wastewatsr trestamnt of & mepressntative
plant is besed on the “worst case® conditions. It
was sasssmd that “repressntative plants® esployed no
tarming]l trestsant for FCBs rexoval and practiosd no
mﬁ@d“mmmuum
{nr-process use watars.

(4) Costs are dewelopad ssparztaly for the pretTeatasnt
(equalization and multimadia filtration) end the
cmton adecrpeion tieatmant of PCha.

(S) Tha czpital cost is bassd on 8 parcent intarest car
a pariod of ten years. 1f the myxply of wasta paper
vith sibstantial O3 contant stops before ths tan-
y-rpciaduw,dnaplulmmm.l
incrosse smibstantially.

LT 4.4 Cost Development )

Thres major categories a.m identifiad within the paper-
recycling indwtry (sse Section 4.1). The.ccsts of wastewater treatment
are devaloped Tor each individual category. Costs faor pretreatment and
carbon adsarption for each category are sham in Tables 4.3 through
4.5, mamxulcai'i:-, oparating and maintenance costs {excluding
m).uﬂmm&tsm“dtmytm?hm(-luﬂd-z
ntngmmmnmnm- ‘nmm:h-uuly-unpmmu.dby
Tables 4-3 through 4-5, -mlapiulmymmmm
umamwumdmlmmuu.m
with the earlier um.(u,ﬂ:aplmmqtmrmm

estimatred 0 be 0.15. ALl cost estimates contained in this report are
based an 1976 dollarm.

ld
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| MAX ¢-] :
OST NLYSIS FOR A NPIESIIIRTTVE LT

DelsX Paper Marmfactiure

Mo SISR: u.mmmum

o 8,210 1 /uin (2,170 G'I.)
R Treatment Costs, Dollars
a Sarminal Treatment via
fyps of Cost Protrestzent Carton Msorption
 Iovestsd Capital Costss .
Total ' ‘.‘m,m . “.w.
Amzml Capital Recovery ) 650,000 d 129,000

Operating and Maintansnce Costs:

 Arwuml OGN (escluling pover 78,000 250,000
' enaxgy) _ :
Amnl Bucgy and Power 58,000 17,000
%otal Amzml Costs 826,000 396,000
CostAetric Tm of ProAct $14.11 6.7

Total
Troatwent Systen

8,460,000
19,000
328,000

73,000

1,212,000

©e.0

-wmm.wuwwmmmmwhmmmu-
inividal oase.
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(08T NALYEIS FOR A NEPRRXENTRTIVE PLANT

QATEORY 3 me
PILANT GIZE: u,mmmaw

FLOM:s 2400 1/min (630 GO
Type of Cost Protreatment
Invested Capital Costs: '
Total | 1,500,000
Nwaal Capital Recovery . 22%,000
Oparating and Maintsnancs Costs: '
Avuml QM (excluling pover 32,000
an) ensrygy)
Nrual Eargy and Poser 16,000
Total Avaml Costs 273,000
GostMetric Ton of Product $6.50

i.

Treatmant Costs, Dollars
' Tozminal Trestsant via
Carbon Msorption

»,000

100,000

5,000
164,000 -
$.43

otal :
Tosatsnt Syoten

1,760,000
364,000

112,000

1,000
417,000
".9)
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DME -5

QST NOLYSIS FOR A REPIRSINTRTIVE PLANY
XTI mumummm_m

PUANT SIR: 11,600 Metric tore of produot/year o !
rioM: 1,300 1Awin (310 GW) :
) Trestamt Costs, Dollars :
ype of Cowt Pretrestment Carhon Macrption = Trestamt Systes

Imwested Capital Costs: | | i

Total 960,000 140,000 1,000,000

* Mmml Capital Recovery 129,000 . A,000 190,000

Operating and Maintsnance Qosts: . , o _ :

Mysml OSM (oxcliding power . 19,000 60,000 »,000 1

. and enarygy) . .

Moual Bnesrgy and Power - 8000 2,600 10,600
Dtal Mwal Costs 156,000 03,600 . 2W,600
Coet/Metric Ton of Produwct $13.% $7.16 9.5

o o — :
" ek I (T p—"




A smary of cost estizmtas for PCB rescval at different in-
pt K8 levels {a given in Table ¢=6. A sammry of total capital invest-
amt cost informtion for PCRs £rom pepar recycling alll eiflusnt is given
{n Table 4-7. Bassd pon the informetion contained in this table, this
{ndwtry, a8 a wole, would have tO invest \p to an estizated modmm of
$366,700,000 to achieve a KB lLimitation of 1 pb in thair wastewatars.
Thare is also an anticipsted $94,120,000 of sTwal trestzant cost for the
resovel of KBe from this industry. Table 4~8 i{s a smmary of the trest-
mnt cost of B remcval. The estimated anrual treatmant coets correspand
0 & threa © five paromt increass in the salling prices of products from
this {ndustry.

mmmmco!mm:rmnﬁmm_'
the suspended solids to a point where fouling of the charccal buds —ouid e
avoidad, coats could aacalate sevaruly. Such would be the case far efflurts
Zrom dainking oparations whisre fines loading can be heavy and particle sizes
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Pretrestment Carton Mecrption — ZTotal

Dadnk * 78,200,000 14,600,000 92,800,000
Fepazboard foom 247,500,000 €,440,000 253,900,000
Mn-integrited 17,200,000 = 2,000,000 20,000,000
wastepepar without
Aadnk ;-
Total 342,900,000 * 23,800,000 36,700,000 )
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.0 MXEL Or PCBs DOVOLVEMENT IN THE FRULP AND PAPER DNDUSTRY
" S.1 Purposs and Cbiectives of Model Develocment

Although it is generally agresd that the major input of PCBs into the
paper indy—xy has been through recycling of NCR carbxnless copy paper (and this
viar is soungly supportad by evidence presented previously in this report),
there are a mumbar of quantions concerning PCBs in this industry which have mot
baan snswered:

(1) Bow lang will PCBa from NCR papsr antinue to cause

significant product levals of PCBa?

(2) Bow long will paper mill effluents continue to exhibit

PCB levels of significance? -

(3) What are the chances for “hot spots® of RCB levels in

' roducts and effluents due to locally high ccocentmations

of NCR paper in recycled fiber?

(4)_ Are RCB levels in intake water significant at present in

comparison to levels from NCR paper, with regard to
prodsct and effluent levels?

The pzpoee of developing and emrcising a rodal of FCBs involvement
in the paper industry was to cbrain the best available answers to the above
amstions. By macessity, the yodel takes & simplistic material balance form;
the major limitation of the utility and accuracy of the results obtained arises
from the almost complets lack of data on process stream FCB levels and the extremely
limited set of data cancarning efflumnt and product concentrations of PFCBs.
BEowever, the sodal does agpear to be consistant with svailahle inforzation and
doss predict the KB concentrations in various papar products and in the effluent

watar from pspar procmssing plants in tames of the asount of inpur KB acoepeed
witt, the rav matarial and contained in the intaks watars.

The efflumt prediction is based on a constant distribution factor be-
twsen the product and tha efflumnt. MMMG\M.Q!:M“W
mmmmwzmmmmmqu 1:1000, effluent

As-



o prodxct. Tha actmal K3 concentration in the efflusnt entaring the receiving
styema will reflect the trestmant process &t & given sits, With & more rigorous
agpeoach to the distribution cosfficient, cos would ba sble to naryow the Limits
of predictability congiiarshly., We have aioed st the omnter of the arrwy in order
o mintain a tis to “avarage® conditions. :

| At all tises it is realized that the sodal is orly & genarul one; mo

attapt has bean mda o apply it to a particular mill. A simple smss balsnce

calaulation with known K8 inputs, “ﬂudmﬁ:dmambmldhc

wublﬁmd& _
The modal does show that a mill which acospts ICR carbonless oxpy oF

axrarter scrxp, has poor suspendod solids resoval and has a high PCB lsvel in

mm“muwdm(mnm“amt

ot spot®. Presant values for recycled ) {ndicate this 1ikali- N
hood to bs rontinually decreasing. m,mw&q—qc-aﬂ:ity

of ot spotas cwwot be fully adiresssd becsuse of lack of data.
S.2 Pirst Ordar Modal of Peper Industcy

5.2.1 Mssptions - )
mwuummmmx

|
|
I
|
i
|
|
|
|
-
| ™
o ' 1] The two primary sources of KB to the paper industry
' . _
|
|
|
|
|
1
|

ICR cartxnless copy papear sads betvesn 1957 and
1971 axd its aascciated coarveriar scrap at 1.4%
. K3s by wmight; and
‘n-nlodotdnimhm,nhu:

a)

b)

. avirage 0.1 prb.
- 2) Ammummmmw

_mumnmmm
J) m'mumuammmmmm'

T —————
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§)

4] Produxct

b) EfAluent

€} Sludge and othar solid vestes (Or process loss)
4) Evapcration

Most of the FCBs in the paper industry remmin sseociated
with the fiber, eithar as product or as sludge. This
Sppears to be dus to tha presence of PCRe in microapheres ,
usad in the NCR psper plus ths low solihility of PCBs in
aquacuus solution and its prefarwntial association with
surfaces and arganic rich interfaces. In sooe cases PCBs
found in induserial effluents are almst quantitatively
asscciated with the suspended solids.

mnuwlm-otl’(!wu.zdepuﬂmaq:utdulm
tha integrity of the capsular form. .Industry experts have
mqnumummmmcm;w :
breakage would be amall, The evaporative losaes intimatad
by sume of the mass balances attemp-ead at tha Institute of
Paper Chemistxy are very smmall corpared to the sounts of
FCB moving through the systems. As a result, we have :
cosan to neglact evagorative losses in the treatment of
the rodal sinoe any assessnent would be fragmentary at best.

Contxibutions of BCB by inks ar adhesives are negligible
and not onaidared to be large enough to affect even a
locats distribution. Based on the estimation presented

in Secticn 3.1, the upper bound of PCBs into paper products
mmhnmmmhmﬁac\mot'
$0,000 to 100,000 pounds, mxch lass than one psromnt of

. the total PCBe usage in the NCR pepar during the same

time frams. Thus, non-NCR PCBs should ba negligible with
regard to the modal.

T ) O e




7} Prior to 1957, sbhan R carbonless copy paper was intro-
Quoed, e B antant of psper ruducts would have been
antzolled by the MKis carrisd with the intaks watar. The
dmmtnndmmwbythmotm
from the water to the fibes during the pulping and psper
amking process. Total tzansfar for a npicsl ooast woald

" have produced & peper vith a PCB conosatration of 0.02 ppe.

-, Basad an this considerstion, and the realization that xe- !
sat day detection limits for KB in papx are in the g
ﬂmqofo.lm.h‘mmmmmlcdm' :

tha intake wwter cmtribaution.
8) The to routss for KB rettan on NCR psper are:

a} As part of the recycling waste papsr stress in
“mixed® or 4einied grades of paper stock.
b] As corvertar scrap prchassd by mills that use \
it &s furmish (rew smterial), :
mmmmmm-amamui
model will be indicated at the point whare the infommation is used or the

.q.ndmch;-a-ih-d, . -

$.2.2 Modal Stnucture -

Tha first order sodal is an ovexzview of the industry as a wole.
MMWmeMA'W'Mﬂm
Sxh a treatmant avoids the complecity of ths actual recycling wab, and appliss
the limitad data an K3 concmntxations of -atars, moduct and slulge t prodeos.
a first look at the time rate of change of KB levals in avermge prodxct as a
result of the growth snd eventual cassstion of NCR carbonless copy pspar in the
recycled waste stress. This adaittadly sisple aprroech ssrves as a fourdation
won which 5 furthar divide the industry, as wall as oviding a qualitative
industry.




Figoe 5-1 shows & schamatis repressntation of tha first crdaxr

Z(t)

v{t)

S(t)

R(r)

w__(t)

evegorative losses of KCB. Thaes losses are YWt to be assessed cn
an industry wide scale, but early indications are that they are
not dramatic. Any euch lossss would have the effect of lowaring
product, efflusnt end aludge PCB conosntrations, but would not

‘change tha relsationship between thess.

inpat of virgin wood pulp. Virgin wod has been foud t be
relatively "~ - ~4 KBs, but mey pick @p some frum the watar used
{n the pulpy _ stages. : '

intaks watar. Census Bureau data for total water usage are relied
on. The typical intake water KB concentraticr is taken to be 0.1
prb. This value is probably an upper .bound on & natural water
and nirathelass toms out to have anly a smll effect on PCB con-
omtrations found in the paper industyry.

sludge cutput. .‘m_i'.-'I- *ﬁnmofmmwmg_‘m aludre.
It is inferred that sluo, st is proportional to the production
rabnmdhu:!n-n-mmdd\otm“th-m. '

‘= —ax~mit -of paper-stock being recycled. The average lifetime of psper

products is taksn to be 1 ywar befcre recycling. Hence the concentra-
t.imofminthnpq:ctmckhuu-dwb-thntofﬂipwim
ynr_'s;zndx:t. .

effluent watar. It is gansrally held that KBs in the efflusnt are
rtrongly associated with the suspended solids. In the present casa
the effluent can be considared what might typically remmin aftar
primary treatment, resoval of ssttleable solids ard some suspanded
slids. How smuch resoval coaurs {n an actusl mill will depend an
the typs and srount of treatment available, It has bea assumed
here that the efflusnt FCB conosntration is proportional to the pro—
duct concentration. The constant of Rroportionality would depend
on the trestmant systae efficiancy for solids removal. 8ut in

s, (el g SR . UL - “o“.-“-’-:
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Figwe §-1. SCHEMATIC OF FIRST ORDER MODEL OF PAPER INDUSTRY
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n(z)
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'q_,mmmmwmw@m

nmamnmmmmhmutw
snmml peoduction of the industry.

FQis introduosd to tiw papar industry as a result of NCR cachon-
fxbduction figures for carbonless copy paper and its PCB coneant
are known, the amamt recycled frok ofiice and othar comasrcial
institrtions or Zrom converting ojerations can only be gusssed
at. Convertar scrap varies betwaen 10 and 158 (150 was the figure
used in an A.D. Little Paper Industry study) for printing and
wxiﬂ.nqgrah‘.(‘m’ Homver, much of this scrap was recyclad -
in-plant, back into NCR carbonless forms - this smount could not be
estimated by parsarnel at Maad (the manufacturers for NCR). Shade
Infopmation Systems, Inc., a comvertar of carbanless and a sgpliar
of post-consumer cffice wasts, in tastimyy before the Departmant
of Natural Reecurces in Wiscongin, estimated that 108 of all office

_'mhp:umdynqcld that of this recycled papar, 108 cae

fraa old filas and 90\ from yearly usage, ndthatd‘nlwnh—
dmtcr!i]-ucb.ruylm(n’

According to Mr. m'mote-xmumlmm

Association, the major uses for carbonless papar are in irvoices and
mmtmudthmhmmhg.lua:mm. If ons
extardds the Shade estimates to include commercial establisirunts like
str—es with (ffices then one can use the same eetimates for carton-
less paper: 108 of each years pxuduction is eventually recovered with

- 908 of that recovered caming from the previous year and the othar 10

. coming from old files with a thres year half life. Thess estimatas

. ate used in the sodel. (T© show the sensitivity of tha modal to the

ICR recovery rats a 200 figure will be presantad). nbus-1m
nm&mlsﬂ-d‘ll.
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JCB Used in Caxtonlses Copy Peper
nhnvw
Pounds

58.7
7.9
.9
4.9
164.3
195.3
8.1
7.3
348.9
.6

- 438.5
T 980.1
Q7.8
.l
126.6
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Since the amamt of old ICR cartrnless recycled intn tho in-
Awtry amn only be estimtsd and few msasTemnts on othar than recycled boe-
boerd excist by which to validets the fiqures, the emct lovals predicted by the
modal should be regarded with amrtion. MNonsthaless, t!umdt.lb-nﬂmﬂn
Mmm&nhmlv—nindum

mummmmmmmwu

sritten:
R(EICP(E-LI 4N (L), (t)Ow, (t) =
P(L)Cp(t)+6 () Cp(t)+_ (t)o:wt(t)
whare:
cp(t) I PBs conomtration in prodact for year t.
Qm X PChe conoentration in input water (talan to be 0.1 ppb)
Qv (%! = FGs concentration in effluant = A Cp(t) whare ) is a

cnstant depardant on the level of suspanded solids. -

mmtuu'p'“)dnw- ids are shown to range from 500 g in

nanrdeinked peper mills to 1700 pmn in dainking effluents. Conaldering that the
best svallahle tactrology is not uniformly used now or in the past, 1ooop;au
asared for a suspanded eclids loed, uﬂt!umddhcctdndvithkaem

From John Strange Peper Co. an-xammMMou.wu@m_

ummmwxa:}éu %‘6%6‘

and; a(e);ﬁmmummuwmpm. That is:
8(t) -t(t).ﬁmththmhﬂitymz. o

Aulmct‘ﬂmdm&(.hndmpwiaﬂymauﬂw
mm(a’

mmmm

R(E)CP(L=1) + N() + 10 '*w, (¢) = Cp(t) (0,935 P(t) + 10 M m]
1-_( EY

€3
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Aa a sisplistic first omrcise - Aamme A = 0, 1_.«..1.1:015
ratained by the product. Let the N(t) sssam thres Cases:

‘I -mmy
;n -mmugt:qda*umm)
Am = 250 rvoovery (208 recycls + 34 cooverter scIup)

ﬂmyzm'mnmmmdnmuu—-mmm

recovery ratss. The ICR roduction is also plotted as a reference to show the
mll-cff of the axves. '

mmymumdmmmuuwm_
mmuw-ﬂmme-m Pm.:thv-lnml.dly
b-lauttnlml“lbylsno:lsu,nmnwt“m ™M)
wmhmymwmnm

Wmmugd-duth.d-uothn(u\m)
plotzdminvidln(t)-zm: that is, if thare was no recycling of product back
Lntot}upp-:mkw: Pigoe 53 sbowe the remilt of this emrciss. For the
overall industry under thess conditions, 154 NCR recovery appesrs to ba resgonaible
for about, 838 of the FCB in the product. Howsver, if bicken down further, specific
" sagnants of the indu+xy which ctilize a large proportion of wastapapsr in thair
ﬁanumwuldh-m-dwchibitalmap-ﬂ.mmmmmm
the peper stock i{nput.

‘nudfctdmh-mnhdq-hmﬂywmn
tabulsr foomst. Table 5-2 shows ths 154 NCR recovery data now allowing R(t) to
wu.o.,wdmwwctwddldh m_o'otwmm-soz)._
10°°, and 2 x 1070, amummd-aumms-z.axocm.' (rwtio of
s level in effluant to 758 level in effluant) dacreases tha PCBs levals in the
frodxct by anly sbout tan parosnt from thoes st 2er0 MCBs in the effluent (i = 0).
A furthar reduction of aix to ten par omt in product PCB levals results from
qplication of A = 2 x.10”°. As fuxrther intarnal reuse schemas for whits water
fxoliferats & continuing decresse wuld be-@pectad in both suspanded solids and
. mmmpmm.nMMmocm-mqu
KCas introdxad into the systam with the product.
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Table 52

K3 Onomeration in Product (pom)
p ] w10”! 210~
0.48 0.43 1 0.39
1.58 14 1.7
2.18 1.3 1.78
2.66 2.3 2.16
3.20 2.88 2.62
3.9 3.58 3.2¢
4.58 4.1 3.1
5.04 4“9 4.20
.68 S.28 4.8
6.76 €. 5.12
7.69 7.04 6.49

- 8,08 7.4 6.86
.18 .46 7.85
10.20 3.4 .72
s.c3 7.40 6.9
2.0 2.a 2.0
0.96 © 0.90 0.74
0.4 0.2 0.39
0.33 0.3 0.2¢

-, .




a) A 1970-71 peak in prodxt K3 conowmntrations corresgondling
"0 smxcimm PCB usage in NCR peper plus a one~ywar or lass

x
‘ This general overall look at FOBs demnetxeted the followding:
l o dalsy in reaching ssximm FCB levels {n the recycling etremm.

' b} tith the cassstion of MCR production the drop off in pro-
I ’ dct FCB wvas rapid. iifferent specific industry ssgments
wuld show a different drop off rate (this is imvesti-
gatad with the second arder sodel) . |

€) Using reascnable choices for the adjustable constants,
the major scurce of FCB is the NCR carbonless papar's
dmmm:r-m::y Purther recycling of
pwmhutdbyrqdadtﬂhwthuamlnudy

modkct, ¢

d) It is A{fficult to asesss the quantitative effects of

I

l mm:@_wmm,mnm

tion of dainking grades as furnish for fuod board. Thare

is ro doubt that within a specific segnant of the in-

l . dwstry muxch activity was beneficial. In the overview .

of tha first crdar aodal, howwver, thase effects carrot

l bs ssparatad cut. The modal as developsd echibits an

' : Mmmmumw

l rata which wuld irundate &y snalysis of a finer internal

| stTucture.

I 5.3 wmw«mm
MMM

The dbvicus industry categorization useful to a sore detailed
Mmmum»m axd construction paper and board. Tha
latter esgmant inclixiss portions which use 1008 recycled paper stock (construction
peper) and others which uss littls, if any, recyclad peper stock (construction
board) axd can be fxther subdivided on this basis. Pigure 54 stowe schemtically
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du five categoriss salectad and the flows of poodots resxning to thase indetyy
nﬂamw“m-ﬂ-a&m,m oot &le- '
chmxges. munhmam Aagrmm of e sexxd cxder
mdal. Jomml production data fiom 1957 through 1974 Sor each of the five
indnetTy sagaacts are ressntad o Table 5-3, _
 Ssgmant: I, pagar, bas a modnct cutpat approcimetaly egal to

tte am of ssgants IY, III, and IV. This ebxuld be remsbered vhan coe assesqes

the total load of PCB associated with the xodction of a glven ssgmeut., The
mmunmu—um

mn.mwdw uhdun
Ime matarial which is 1008 recycled. Historical FCB deta (back to 1971) exists

for cmbdnation boxtosrd, Almpst all of the dainked pepar stock (ledger grados)
wnt into box production prior to 1971; also, xost of the mbed grodes sad mlp

substitstes want into box production. 'AS & rssult, sost WCR paper astwring the
ganerz] arms of pepertosrd would probebly wind up ssscisted with antdostion
boxbosyd and chipbosrd, Riptosrd is incloded sinos szfficient data wvaxe esail-
able g this categoxy, (”_’_EuE‘_M board 'is less than 100 of this ssgamt's
tctal output.

ﬁm@dawmmmm.
mv,mm._'mmmdum
mcycled,
mwuawq-m ﬂnmdmm
mmwaz
a) m—.uﬁmdm-umm
contain NCR shests.
.H._nm-nudhmmm
poecindss their entxy ioto tha recycled weste stremm.
a ﬁﬁ,udhmhnmwh
mw'&th_nmga&md—
ths bxxilding satarisls.
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3.3.2 Bpeticos

 The emms definitione of sethewmtical tecms hold for the sscmd

arder sodal a9 for tha first cxdsr =odal (see Sec. S.2.2), srplisd on a segmmt-
by-sagmect basis., In addition, ths second order scdal uses sperscripts to _
darcte ssscciation with a particular industry segmsnc. Other syxiols used aves

C'a’(tJ' 2 3 conoentretion of virgin wood in industry segment 1.
C‘m(t.) ¥ IO conowntretion in aguscns solotion of effluest . from sxgmant 1,
e Nolloring are based on oxxr asmumptions:

ph{a— .

£

Z
Ayl
o
A

: Qe - P -0 Ye - Pwso
Qo T8 =G B e =g Pl e, W e e, Pim a0
D)~ 2P e a2 @) a2 el « 2B 1y 5
-d, |

by

Qo 08 2, € D1y

o 1133y ¢ P |
ysr c Py _ |

Qoo 4 . whare i's are constants.

e (082, ¢ W1y

mmmnm-uq,n._
.(J)m 80
_ '(S)u, =0
Frior to 1957, _

Sm&-_smw., %U)(ﬂ .%(‘,(ﬂ -c,"‘w &0

uu_:m_-u-e-sm. ad the fol ovdng $ eguations:
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a *® ] am® e O eno.m® mig O et 2@ o o))

o [pP e + 8¢ + aw_ (t,l%m ®)

a1 »@ (e)+[o.m‘2‘ w%m (t-1)40.20R 2! eic, QY e1ye
0.4am@! (tlcvm e-1340.22 2 (&) '.n)]
- [fH e wap P P

(this bolds urtil 1971 at which time the papertoard segmnt greatly decreassd their
usage of recycled psper. Thus, the coefficient of 0.20 for the paper Zortion of
the pwper stock input is taken to be rero for years after 1971.)

[R(s) mcpm (t-l)] - [éa) ) ,6(3) ) ﬂz,,uu) w] %a) ®

w1 @ efo.asm® (r.)cbu’ 140400 (9, (e- -L+0.25n¢ ® @

[,w & 6@ @y ) w] ) (0

61 0= 0146 ) urgn GG LRI CY

Y
wotes:

(@ Prom eqmtion (5) €%V (1) = 0 for an2 (00,

®) From eqution (3), cp“’m -0 for all (&),

) mx'-na—.mm.m. Mdla-umlmlﬁ-:-dmnﬁq
- :n-o-dt-ncehntbl’(t)ndﬂt)u:-



Scbetitution ylalde:
foom epation (1)
"™ @o.700, M 112 v [¢ 2 (01469 ] ¢,

From egpation (2)
el (u+] zocp‘” (t=1)+0. ucp"’ (e-xi Ry - [ Q) (41462 (c)]cb‘z’ )

mo.mmwuomm-;@mm)

rrom eqation (4)
n 0140354 11 W (1) = [ (e14s @], @

BRpmtions (3) aod (5) are negligihle, based on Motas (a) and (D) abowe.

$.3.3 mmmmumumw
T m'-mdmymommmmu—duu

mumm::gﬂ-mm’ This extansive stidy acoountad for over 908

of the westapsper stock ussge. It also tabulated the op=t stock by typs and
associated that with its end uss. Anﬁcdo&c&iﬁmmmu
on thoss figures; utilization of thess data tins kesps the model on & scmmdut
marallal footing for cmparison with the othex stixiies,

_ The ssoord order sdal is a good deal mxxe caaplex than its
predecessct in Section S.2. 7o explore the effects of recycling on specific

wdhﬂ-&ya-mmaﬁnﬂh&mmm-

able ssctoxs. mmmm.m-uammu
mmmmmmm
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1)
2)

3)

4)

8)

5

The hl.lad.nq'ctuuml asmumptions were made:

Papar prodacts produosd ons Ywar are considered to bs recycled the next,

The peper stock peroentages of varicus inputs ware taken to be constant
ovex the paricd 1957 £ 1974, except in the combination boxdosrd and chip-
board category after 1970. In this category, industry reaction to PCB in
focd packaging-and ths eventual FOA 10 ppm limit is reflected.

Each ssgment's percentage of * % overall pepar stock usage is constant
from 1957 to 1974 using € srosntage. The model is quite in-
sarxitive to changes in this parmmetar.

Recycled newsprint is consideted to be FCB. free. Newsprint is produced
Fimarily fram virgin fiber, and the only psper stock used in newsprint
is othar newsprint. Cnsequantly, no PCB from NCR paper should be intro-
Quosd into this ssgment. Measuremants by Hazleton Laboratocies in 1972
mwwm_.dmmmm.m-

stmmthmlyanllmofmmitmm'm
Muawmy However, newprint is a siresable fxaction
ofﬁntqddmmmh-nitmmudm:mmy.

Omntainerboard uses very little psper stock, and wvhat it does use is old
containers or ontainer clippings. (This exludes gypsasboard, chipboard,
an! recycled tubs, can and drum segmants). We therefore approximatad :
pepexr stock in this subcategory to be 1008 antainer. This implies thet
axntainerboard will be PCB fres. :

As befors, procass lcss to slulge was sssunad to have the same PCB an-
cmntration as ths goodxct. Tha ocess loss estimates ars those previcusly
Mﬁ,m,(m . .

mdmmmummmummm
The sodal is very smnsitive to the total smmnt of KR carbonless oopy pepec

mmmm,dmiummumgm. o=

mummmmmaum.ham&.m
trands. '



9
10)
1)

12)

a)

1)

P conomtzxtion of input waters is taken to bs 0.1 ppb.

Eveporative losses are not considered for the reasons given for the first
order mxial eoxrcise {n Section S5.2.

The “mixed® cxtegary of wasts pepexr includes 1 s §2 wmixed, sper mixed,

boxdoard clippings and mill wvrappers. The amounts of each going into “wmiwmsd®
in 1969 vas investigated by otbar warkers. 0?3 paer stock dealers irter-
vimsmd indicated that “mixed® peper wes usually office wasta with the follow-

ing spproxcimats cosposition: _ _

- ' . ' Rancm (8) Modal

“0ld Corrugmtsd Cartons 0-15 10
Nmagxint 3 10-25 20
High-Grade Printing & Writing ~ 60-30 70

mm—ammmﬁmnmmumwum
corpared to PCBs associated with the suspended solids.

The scdel s @mrcised for o distribution schems for NCR pepar as follower

mnnaivdinaqivny-ﬁrha-ﬂtnhﬂotthmm
from that ywar's codaxction and 10¢ of the post cnsunsr wastapaper. Of the
mm“SAOm&m&npﬁm«Mm-dUma
from years prior to that. '
um-pcmx—u.ﬁ-vmw'uyuMmmm;
mmummﬂhmﬂdm&mlmmm

. peodaosd. mmummymun.)

1‘-m¢&'-ﬂnm=qh-l.wph_mthmm
 of the industry. The cosbination boxtoard segmant rejectsd it doe to a

Ths pecoversd post cnsssr KR was distriluted acoording to the pexoentage
of printing and writing peper baing recyclad within each segmant. 700 of

Sl o i 8 AL




W“—"'-“"—"‘—"‘-*_ Ry - —— [ R, ———

the mixed Catagoury wes taken to be [rinting and writing peper except
within boodoard peper stock wharv it is estimated that 50% of the mixad
umnuymmmw mmdmmwa
taksn to be printing and writing pepar. Tha final breakdown of KCR in
tha paper stock for each segmant thus becaaes: '

PAPER - SA cchverter scImo
3% ost consumr

*

mmwm-:ﬂmm
mm-aamm

MﬁrlSNﬁnct:bimﬁmwmmnyMndthgmot

ledger grads pepmrs snd sane pulp substitutes. ‘nﬁsmm:ﬁ:y'lm
to eliminate NCR frum inadvertently contaminating the foodboard grades. ™

the mdal, tha NOR entry figures for that segment are adjustad to reflect this

Mactim The NCR going into the paper segment may have increased its
mofnracdwdudxmlt. 'an;hthhhrntmf_inlyw, it
has bean mummmmo:aamn

Figue 55 shows the response of the model. The rapid decrease in segment IT
nmu:'-:nvofswiam:. Conconitant reductions ooccur in segments I
and IV. While the lattar to reflect the loss of the NCR cartonless oopy
peper production, mmmmammwrxm“mu
wmmmwmmm

'Amdmd-dﬁrm&l,_dmmﬁgms-&,h—&mthqm

thet 108 of the returning NCR is sent to tha papar and boadoard segrents

based an the use of dainking stock. Tha pspar segmant has not used mixed
grades and boodoand officials state that thair product has not used mixed grades,
ummmm-umm'”’ The second exmicise is
perfoomed with the sssagption that the bodboard segmnt (II) doss not use mixed
grades, other than booboard clippings.

108 recovery of wiwtepeper is calculated st 9% the yeer aftar production, snd
10 thereafter besed cn the 3 yesr half-life described earlier.
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Figure 6-8. SECOND EXERCISE BY SECOND ORDER MODEL
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—cran

e post-1970 reduction of KR into tha cambination boxboard sepwnt is
included. The redurtion in ledger grade ussge by hoxtoard is assmed to
~ bave besn by half in 1971 and completa stoppage thereaftsr. 1f the ledger
stremm might have diverted to the papur ssgment wpon its rejection by the
boxtoard (ssgmant IT), the effect this would have had on the papsr KB is
shomn by a ©rtad plot fram 1971 on in Pijure S5-6.

Ovarall, wa ses the same gensral trends in both cmrcises :
(Fiqures 55 and 5-6). Tha routing chossn for the retirning PCB in the NCR papex
effects the detalls of the prodrt conoentretions, as doas the relative size of

emmmum-mm

_ In each scenario, th-pd.n:.ymle!naxmimngn&u
m.wamdmmpgrUﬂmmmthm
byl.S‘NarlS?S. This trend is reflactad {n the decreasss shown by svailabla data
in Teble 3-2. mm@mﬁmdhmmmmum
by the model. Deta an “recycled wastepeper irmut®(6) has reflectsd a drop to 0.15
pem in 1976, which is near the datection limit of the analysis for PCB in peper
products . ) o

S.4 Discussion of Modal Results .

Tha results cbtained fron exercising the mdal show clearly tha over-

mwammmmmmmmmnm

" cxtant of recycled fibar. According to thase results, modict levels of XBs

mesulting from the MCR pepar should be lass thar one ppm by the presert tisme (1976)
with the possible exception of the combination boxboard and boxtoard ssgoant,  and
of course, excepting localized hot spots caused by inclusion of smll ascxmts of
CR paper in tha fiber recowvery strean. 'Bthﬂewvithm.ulyt,hl
mlﬁmﬂlﬂahmmm Pro&xt levels, efflusnt levels,
m&mﬁm:yotmwmmmummu-m
mmmmmmmuebwnmhumu
sscxndary f£idber. '

The ratic of PCBs conomtration to TSS in the effliets had little effect
a podxct levels, as wuld De epectad. Valuss of this ratio in the range of



0.001 to 0.002 agpear to be consistant with available data on both effluents and
poxhasts, thltmdaumtntot&cnsmﬂumﬂ:
mﬂ-mwmm‘ywnmwwwuome3

: mmnmtddnmlud:uhﬁwithd’t.adﬂtﬂﬂm
‘expport the varicus assuptions made. Agrvement is rrrilected by comparisan with
available data on both product and effluent ICB levels. Thus, the nodel as pre-
mtdbumtomtamhmdmﬁtmtm_nﬂm&
PCBs around the psper idustry. _

. A distribution for incoming PCSs beteen product, effluent, and waste
mal@mhdaﬂ“&dmhmuofmm lm.nq
the following values:

(1) PCBs leval on prodact = 1 pEm of solids

(2) PCBs an solids in wastes « 2 pom 6f solids

(3) 90 percent reioval of solids and FCBs in wastewater treatment
(4) 135 prm suspended solids in final effluent

(5) 0.27 b PCBs in final effluent '

(6)  Zexo loss through vaporization

The results cbtained are::

Plant Percentage of x.nc:ninq Ha.idxt of PCBs Level Solids
Strem PCBs Oontainnd Therein . in Stxream - Conterrt
Prodxt 75-80 ' 1 kg - 1 pem 95-961
Sludge 18-20 0.6 kkg 9.4 pm 20~30%
| Efflusnt 2-3 100 kicy 0.27 ppb 135 ppm

* pased on cne kg of product.

LN

o

aanlummmmnme-manmofm
mmammdemmmm The values
Mﬂymmmdawm" situation for ¢ recycling
plant than a typical situstion within the irdustry. The PCBe distribution should
vary fiom plant to plant and from product to product, but should not be neerly so
widaly varishle as suspanded solids or KCBs cnomntrations, which are known to
fluctusts widely from day to day in a given plant.
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6.0 COIIEIRS
e folloving cinclusions are based oo the evidance presscted in this

Tepext:
Q)

(2)

&)

4)
(5)

(6)

M

®

Tha mcycling of MR axchonless copy pepar vas and still is tte
anly mxjar sxros of PCBs into the pepsr industry.

B lewals in pepar products have besn dectwasing since 1972 exd

Mymmmmm:m.mﬂmdcm-
tinued dilution of KCBs frxm recycled NCR pepar. '

FCB lavals in efflmnts from peper mills utilizing reclaised
fibar have bem dacreasiyg in recwnt years, snd wdll contima t
decreass, dis to decrassed PCB levels in reclaizad fiber plus
spplication of wasteratar tTeatmant tectnalogy. '

nmuwmﬁmmmm:q
be as high as 10 - 20 ppa. Dimx3al of such metarial should be
performd with care.’

mdmm-nd«#m&
FCBs rexwval fruan vastesatar in the pspsr recycling industry
culd increeds prodxct prices as mxh as tires to five peromt.

O popoctions of POBs present in intact microballoons in puper
pro&cts and in paper inhustry vastsaatars ars not knon. Gansral
indications ave that moce FCBS in the industry sre encapsulated
than aze “free” (mlsassd from microballoons plus other souroes).

Tha modal genacatad to define KCBs involvemnt in the peper

industry rapresents a reascmsble and comaistent meterial balsnce
dmm'dm;amm.

rz-j&uuqum—m.nmumdmﬁ

qﬂﬂumyummmumatu'
cartonless copy peper aontaining FCBs.




- -

(9) The product KB lsvels cbtained from emCiss of ths modal agres
wall with evailable dats; the results indicate a stesp drop-off
following csssiticn of PCBs usage by KR and a contimuing, but
less stesp, decrsase thareaftar. CQurrent prohict levals are in
the one xm range (recycled fiber). '

(10) within the limitations and assumptions of the mcdel, on the crdsr
of TS péroant of the KCBs entaring the peparmsking proomss exit
associsted with the products.

| | |
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